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ABSTRACT

Sphere drag coefficients were measured in the Berkeley Low
Density Wind Tunnel at Mach numbers of 2, 4, and 6, and free stream
Reynolds numbers between 10 and 10,000 for both insulated and cold
wall conditions. The measurements indicate that sphere drag in this
regime is strongly dependent on the Reynolds number behind a normal
shock wave, and only weakly dependent on Mach number. 1In addition,
it was found that a decrease in Tw/TB from 1 to 0.26 was
accompanied by a 5 - 10% decrease in the drag coefficient.

The tests were performed using two different force measuring
techniques. A precision microbalance was used to obtain data for
insulated spheres, and a moving model technique was used to obtain
data for small spheres falling freely through a wind tunnel jet.
These latter tests were performed using both cold and insulated
models.

The results obtained on insulated spheres at Mach numbers
of 2 and 4 were in good agreement with the measurements of other
investigators. The results of the cold wall tests indicate that
for Mach numbers greater than 5 in air, sphere drag coefficients
are a function only of Tw/To and the post normal shock Reynolds

number.
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LIST OF SYMBOLS

A film length in cm per four timing marks
B coefficient of linear term in the framing rate equation
E %%=C(A+BN)

c dimensional constant in framing rate equation
CD sphere drag coefficient

drag force

2

W o
D sphere diameter
£ (0) shear parameter of boundary layer theory

local shear stress ~ £"(0) + function of (x)
g' (0) heat transfer parameter of boundary layer theory

local heat flux ~ g'(0) . function of x

Kn Knudsen number, km/D

M Mach number

M magnification factor ft/in

n exponent in viscosity-temperature formula p ~ ™

Re Reynolds number based on diameter and free stream condition

Re2 Reynolds number based on diameter and post normal shock
condition

S molecular speed ratio, U/‘JEﬁE

T, static temperature

To stagnation temperature

Tw wall temperature

-y -




velocity
‘s , 3
specific weight, #/in
normal momentum exchange parameter
tangential momentum exchange parameter

density




I. INTRODUCTION

As new values of gasdynamic, thermal and chemical parametexs
become significant, and as new facilities and instruments are developed,
a problem which is often considered is the determination of the drag
force acting on an isolated sphere in a uniform stream. The current
investigation is concerned with the experimental determination of sphere
drag coefficients in the supersonic rarefied gas regime which is chax-
acterized primarily by relatively thick viscous layers and by the
corresponding large viscous contributions to the drag forcel.

The present experiments had a two-fold purpose; the first
objective was to supply empirical drag information for Mach numbers
of 2, 4, 6, free stream Reynolds numbers varying from 10 to 10,000,
and free stream Knudsen numbers varying from 0.3 to 0.001 for the case
when both the sphere wall temperature and the stagnation temperature
were at ordinary room levels. The second objective was to determine
whether any significant change in drag coefficient could be produced
by a reduction in the sphere wall temperature from 300° K to 80° K
while the free stream Mach number, Reynolds number, Knudsen number,
and stagnation temperature were held fixed.

The experiments were performed in the Berkeley Low Density
Wind Tunnel, where previous studies of sphere drag in a supersonic
low density flow were made over a portion of the present range of
parameters. During the performance of the current series of tests,
no provision had yet been made for increasing the wind tunnel
supply temperature beyond ordinary room temperature levels. The

thermal properties of air are well known for the range of pressures




and temperatures encountered during these experiments, and it is certain
that no dissociation, ionization, condensation, or other real gas phenom-
ena were present.

In terms of complete simulation of the free flight case, it is
clear that the stagnation temperature levels of the wind tunnel tests
were significantly lower and the chemical composition somewhat different
from those encountered in flight. Since stagnation temperature, sphere
temperature and chemical composition are all important in determining
the presence of real gas effects, a complete simulation would probably
include these parameters as well as Reynolds number, Mach number,

Knudsen number and the ratio TW/TO. If hypersonic free flight in the
low density regime is accompanied by large departures from thermodynamic
equilibrium2 which arise from the relative inability of parts of the

flow held to provide sufficient numbers of collisions for the appropriate
equilibrium to occur, then this too will affect the drag force, and
should be considered in simulation studies. However, it is quite possible
that adequate simulation for a gross property such as drag could be
obtained with the duplication of only a few important parameters. For
the range of parameters encountered during the current investigation,
partial simulation of the hypersonic flight of a sphere in the upper
atmosphere can be achieved by requiring that Re2 be identical for

both free flight and wind tunnel tests, and that TW/T° be < 1 for

both cases.




IT. PREVIOUS THEORETICAL WORK

Theoretical calculations of the drag coefficient of a sphere
in a supersonic rarefied gas flow are available for the free molecule
flow regime3 and the near-free-molecule or transition regime4’5’6’7,

These calculations, which are applicable only to larger values
of the Knudsen number than those encountered during the present experi-
ments, reveal salient points about the structure of a very rarefied gas
flow. In a free molecule flow, the role of intermolecular collisions
is to maintain the uniform Maxwellian velocity distribution of the free
stream. This requires that the sphere diameter be very small compared
to the distance between collisions in order for the effect of the body
on the otherwise uniform flow to be neglected.

At any point in the flow the distribution function possesses
a true two sided character, since molecules which are in the solid
angle R subtended by the sphere and which have recoiled from the
sphere, possess a completely different distribution function than
those molecules in the remaining 4m-Q solid angle. The distribution
function of the recoiling molecule; helps determine the net transport
of energy and momentum to the sphere, but does not in any significant
way affect the distribution function of incoming molecules. The drag

coefficient for free molecule flow can be written

CD = CD + CD (I1-1)
o recoil
where CD {s related to the momentum imparted by the incoming
o
molecules, C is related to the momentum imparted by molecules
recoil

which recoil from the sphere.




The nature of the particle-surface interaction is of fundamental

importance in determining C , while CD is a function of molec-
recoil o

ular speed ratio alone. Values of CD’ CD and C are presented
o recoil

in Figure 1 for the range of Mach number and wall temperature encountered

during the experiments. The estimates of CD and C are made on
recoil

the basis of purely diffuse reflection corresponding to emission from the

wall with a wall Maxwellian distribution. For hypersonic flow correspond-

ing to S 2> 6 in this case, CD is constant at a value of 2. This
o

value is twice the drag coefficient calculated by hypersonic Newtonian
theory in the absence of centrifugal correctionss. The difference be-~
tween the two results may be interpreted in the following way. Resolving

CD into two components, corresponding to normal and tangential momentum,
o

CDo 5 CDopress + CDoskin friction. Hypersonic Newtonian theory neglects

CDoskin friction because the model is based on an inviscid thin shock

layer which is incapable of sustaining any shear. Since C and
Dopress

CDoskin friction 2aTe both equal to one, it is clear that the additional
consideration of tangential momentum transfer to the sphere is responsible
for the larger value of the Newtonian free molecule drag coefficient than
that obtained by a purely inviscid analysis.

Molecular beam experiments indicate that normal momentum
transfer to a surface at an arbitrary angle is a function of the wall
temperature, while transfer of tangential momentum is relatively in-
sensitive to this parameter. This can be seen by considering the

results using the three parameter interaction model, g, o', a which

is discussed in reference 9. The pressure on any surface in free



molecule flow can be written as

2
p = PV E(S, o', 8, T, TW/TW) (I1-2)

while the shear T can be written as

« = op vVt E@, S) . (11-3)

This result indicates that the only manner in which the wall
temperature can change the free molecule drag coefficient is through a
change in the normal momentum transfer. It is interesting to contrast
this behavior with the behavior predicted by laminar boundary layer
theory (valid for small Kn but large Re). Solutions of similar com-
pressible boundary layer flows indicate that the shear stress at the
wall is a function of wall tempexature. 1f the boundary layer
approximation is considered as a leading term in a solution of the
Navier Stokes equations, then it follows that wall temperature can
affect the normal momentum transfer to the surface only through the
induced pressure, which can be comparatively small for blunt body
flows. This fundamental change in the role of the wall temperature
in determining aerodynamic coefficients as the mean free path varies
suggests that extrapolation of results from one regime to another may
yield the proper gross coefficients but will not reflect the true
physics of the flow.

While free molecule flow past a sphere seems to be well

understood, except for the problem of surface-particle interactions,



the asymptotic approach to this regime as the Knudsen number decreases
is not nearly so well defined. First collision and first iterate
solutionsa’5’6’7 indicate that for this geometry there is a likelihood

that the drag coefficient can be written as

A

R

] - L .30
N2

SHISH

where A 1is given by
D

s [1]" x|
FM

C
in the calculations of Charwat and BakerA. The above solution is valid
only for supersonic flow and a cooled body.

A result of both first iterate and first collision calcula-
tions is that the primary effect of collisions between molecules
leaving the body and incoming molecules is to shield the body from
some of these incoming molecules and thus to decrease the drag
coefficient. 1In view of the approximations involved in the compu-
tations, perhaps the most significant result is that for particles
reflecting diffusely from a Qéry cold wall, and hypersonic flow, the
Reynolds number and temperature ratio enter into the drag coefficient
in the form:

1/2
(11-5)
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As far as the utility of equation (II-4) for engineering estimates is
concerned, it is probably true that in the region of theoretical validity
the uncertainty in the nature of the particle-surface interaction is of
larger magnitude than the correction to free molecule flow values given
by the term in l/Kn, particularly in the light of the restrictive
assumptions necessary to the various calculations.

While solutions are available for sphere drag in a supersonic
highly rarefied gas flow, there are no theoretical solutions which are
valid at lower Knudsen numbers. A boundary layer solution, constructed
by patching together an inviscid flow and a laminar boundary layer flow,
has not yet been presented for this problem, In fact, an inviscid
calculation which is valid over the supersonic as well as subsonic
parts of the flow field has not yet been performed. If this theoretical
inviscid solution were in hand, it would then be possible to consider
the still formidable question of the calculation of displacement thick-
ness and shear stress for a compressible non-similar boundary layer with
heat transfer. Since '"local similarity"lo is of questionable validity
for the calculation of shear, and since integral techniques are not
very suitable to compresible flows with heat transfers, a series
expansion analogous to the Blasius series of incompressible sphere flow
would be a more reliable mode of solution.

Calculation of a non-similar laminar compressible boundary
layer entails the solution of a set of partial differential equations
for the particular inviscid flow under consideration. For the case of
adiabatic flow, when M ~ T and Pr = 1, the use of the Stewartson

transformation reduces the non-similar compressible flow to a non-similar



incompressible flow. Fortunately, the transformed incompressible flow
corresponds to boundary layer flow over an axisymmetric blunt body,
whose properties may be calculated by the use of the series solutions
tabulated in reference 44, Thus, for this case all the relevant
differential equations have been solved. Because the solutions are
given in the incompressible plane it is then necessary to transform
into the appropriate compressible laminar flow. A requirement for the
use of the solutions given in reference 44_is that both the sphere
radius R and the incompressible velocity Ui be expanded in an
oddpower series in Xi9 with the leading term in each series corres-
ponding to rotationally symmetric stagnation point flow,

Because of the lack of theoretical knowledge of the complete
inviscid flow field, and because the present application did not warrant
an exact solution of the boundary layer equations, a simple integral
technique was utilized to provide estimates of the skin friction drag.
The method of Rott and Crabtree43, as applied to adiabatic flow for

the case of p ~ T and Pr = 1 yielded the estimates

c I

DSF 'J Re

2

(2) at M =6

c - s

DSF JRe

2

(5/2) at M= 2

These coefficients 2 and 5/2 must be regarded as only representing
" the order of magnitude of the boundary layer coefficients, because of
the use of several simplifying assumptions. The empirical formula,

C_=2¢C cos2 6 was used in the region from 6 = O to 30°, and the

P Prax




integration of shear stress was arbitrarily stopped at 6 = 90°.

Speculation concerning the properties of the boundary layer
solution is reinforced somewhat by consideration of known properties
of various laminar compressible flows with heat transfer.

1) The similar solutions of reference 1l for Pr = 1, u~T,
indicate that surface shear stress is a function of wall temperature.
The two effects, steepening of the velocity profile and varying of
viscosity, act in different ways, but the combined effect is to cause
a moderate reduction in shear as the wall is cooled,

2) The flat plate laminar shear stress formula of Younglz9

n-1
T 2
, = 0.664 [0045 + 0.55 TE + 0,09 (7-1) M prl/Z] (11-6)
'JRex @

indicates that wall temperature and Mach number can affect shear stress
only at sufficiently high temperature levels such that n # 1, The
results of reference 13 show this quite clearly for the case of flow
past a wedge. Of course, the effects of pressure gradient are not
considered.

3) The theory of reference 10, which has been shown to be
satisfactory for prediction of the heat transfer on highly cooled
bodiesla, suggests that the surface heat rate at all stations on a
hemisphere section is independent of Mach number and a function only
of conditions at the stagnation point if the Mach number is sufficiently
high. If this result can be extended to shear stress at the wall, then
it would be a corrollary that the integrated shear force could be

represented as



10.

c ~ (11-7)

Dshear JRe

M>10

The validity of this "local similarity"” technique 1s not verified for
shear, and in fact, it is almost certain to be much less suitable for
predicting skin friction than it is for determining heat rates. This
is in view of the large variation of £"(0) (the shear parameter) with
B and Tw/'ro compared to the very small variation of g'(0) (heat
transfer parameter) over the values of P that are relevant to a
3-dimensional blunt body flowll.

If an analogy between shear stress and heating rate can be

drawn from reference 10, then it would be in the form of
/6
(18] _ & . te, my, (11-8)

in keeping with the technique adopted by Lees, where g&(O) and f;(O)
are kept at their stagnation values.

Reference 10 considers the variation in the ratio q/qo with
Mach number and angular position on a hemisphere cylinder, using an
empirical pressure formula to calculate external properties. The results
indicate that this ratio q/qO is perhaps 60% larger on the supersonic
parts of the hemisphere at M = 2 than it is at M = 6. Since this 1is
the region that must contribute a substantial portion of the viscous
drag force, the inference can be drawn that the skin friction drag on a

sphere may show an increase as the Mach number is decreased. However,
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this is a thoroughly speculative statement. A more reliable inference
is that the skin friction drag coefficient will be a function of free
stream Mach number until hypersonic flow is attained, as well as the
Reynolds number based on conditicus behind a normal shock wave.

There has been a great deal of study recently given to the
extension of boundary layer results to lower Reynolds number flows by
the consideration of various higher order effects-which were neglected
in the original boundary layer analysis., If a systematic technique is
adopted, the boundary layer solution is the leading term in the expression

for C with the next higher order effects generally being proportional

F?
to 1/Re (for blunt bodies).15 Since no results for flow over an entire
sphere (until separation) have yet been calculated using the various
proposed methods, and since the objective at present seems to be primarily
to investigate the stagnation point region, very little relevant informa-
tion can yet be drawn from these theories.

The effect of the base region on a sphere becomes unimportant
as the Mach number increases, but at a Mach number of 2, it may contribute
a substantial (20%) amount to the total drag. A theoretical investigation
of low Reynolds number base flow on a sphere has not yet been accomplished,
although theories and experiments are available for a cone cylinder and
spheres at higher Reynolds numberslg’zs. In view of the lack of specific
knowledge concerning the viscous wake region, no valid estimates are
possible concerning the effects of the wake on the sepavation point and
the pressure distribution over the sphere base.

In addition, it is net presently certain just how the separation

point is affected by Mach number, Reynolds number and wall temperature.
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The results of incompressible boundary layer theory indicate that it is not
possible to extimate the drag coefficient and separation point accurately
without using the empirical pressure distribution around a sphere. While
the supersonic case may be different, it should be noted that it is only
the local boundary layer order shear stress which varies like 1/'JEZ; ’
while the integrated skin friction drag must be a function of the seﬁéra-
tion point, which in turn may be a complicated function (as yet unknown)
of the parameters. The variation in the separation point could conceivably
be more significant in determining the drag coefficient than the higher
order corrections to boundary layer theory, particularly at low Mach
numbers.,

In the light of the still unsolved problems of supersonic low
Reynoids number flow over a sphere, only a form for the variation of CD
can be postulated-- CD = A+ B/'JEE; + C/Rez, (equation II-9), where
A, B, C are f(M, Tw’ To). If A 1is identified with the pressure drag,
B/'JEE; is identified with the boundary layer order shear stress and
the induced pressure effect on the drag, 4nd C/Re2 contains all higher
order effects, then it is only known that A must be a number somewhat
close to 1, and B must be positive. The magnitude and sign of C/Re
is unknown in view of its purely tentative nature. In addition, as
M-+ o, A and B should become relatively independent of the free stream
Mach number,

In summation, the statement can be made that theoretical calcu-
lations of sphere drag at supersonic velocities are available for the high
Knudsen number regime, whereas only crude arguments are available for flows

at lower Knudsen numbers.
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I1I. PREVIOUS EXPERIMENTAL WORK

While theoretical calculations have been made of sphere drag in a
supersonic rarefied gas stream only for the limit of large Knudsen number,
experimental work has been devoted to the small or moderate Knudsen number
regime. This inability of theory and experiment to provide solutions in a
region of common validity reflects both the complexity of the continuum
theory and the difficulty of achieving satisfactory measurements at large
Knudsen numbers.

There is an extensive literature dealing with sphere drag
measurement at supersonic speeds and Reynolds numbers of 105 - 106.

Since some of the data obtained during the current investigation were
taken at Reynolds numbers of 104, there is some value in discussing this
literature, particularly since these earlier works provide the only
detailed experimentél studies of the base and wake region,

The earliest known investigation of a Reynolds number effect
on the drag of spheres in a supersonic stream was the work of Eulal6, who
found that the total drag coefficient is invariant with Reynolds number
in a Reynolds number region between 105 and 8 x 105 at M = 1.85 and

17,18

M= 2.13. Subsequent experiments at Goettingen and Pennemunde
Mach numbers between 1.2 and 4.3 confirmed Eula's results. The objective
of these measurements was to detect a critical Reynolds number where
transition might occur. Lehnert19 inferred from Schlieren photographs

of spheres at M = 3.26 and Reynolds numbers between 1 x 105 and 5 x 106
that laminar boundary layers and laminar flow separation existed even

at such high Reynolds numbers, which explains the lack of any super-

sonic analog to the well known decrease in sphere drag at low subsonic
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spceds at a critical Reynolds number of 3 to 6 x 105. Lehnert also pre-
sented some results on the structure of the wake flow which are at least
partially relevant to the present investigation. He found that the point
of emanation of the trailing edge shock wave moved closer to the sphere
rear stagnation point as the Reynolds number was increased, varying from
1.7 sphere diameters at Re = 5 x 104 to 0.7 sphere diameters at Re = 1 x 106.
Corresponding to this increase in the wake length as the Reynolds number
decreased was an increase in the sphere base pressure, a correlation which
had been noted earlier for cone cylinders by Kurzweglo. An attempt to
artificially form transition from laminar to turbulent flow by the use of
a trigger ring did not trip the boundary layer, but did manage to deform
the boundary layer sufficiently so that the base pressure was lowered
somewhat from its undisturbed value. In addition, Lehnert scrutinized
spark shadowgraphs of spheres in free flight, and found that wake transi-
tion location varied from 1.2 sphere diameters at Re = 7 x 104 to 0.2
sphere diameters for Re > 4 x 105 at M~ 2 toM ~ 4,5, Erdman21 had
shown earlier that the pressure was constant over the entire base region
at low supersonic speeds for Re > 105. This enabled Lehnert to estimate
base drag coefficients from a single base pressure measurement. The
measurements indicated that base drag coefficients decreased from ~ 0.3
at M = 1.6 to 0.03 at M = 4.2, and showed an increase with increasing
Reynolds number for Re < 2 x 105.

Kavanau's25 work on base and wake pressures of cone cylinders
at lower Reynolds numbers indicated that both the critical distance and
base pressures are not monotonic in Reynolds number, but exhibit a

difference in behavior when the Reynolds number is sufficiently large
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such that transition occurs upstream of the critical point. This is
related to the increased ability of the wake region to provide adequate
mixing and sufficient pressure rise due to the much greater efficiency
of turbulent mixing over laminar mixing. In all of Lehnert's work
transition does occur upstream of the critical region, with the result
that the critical region moved downstream and the base pressure increased
as the Reynolds number decreased. At the Reynolds number of the current
experiments, it is likely that the critical region may move upstream and
the base pressure may decrease as the Reynolds number is lowered since
only laminar mixing is possible in the region between the sphere and the
critical region. Kavanau's work also showed that the critical region is
further from the base at M ~ 2 than at M ~ 4, Although extrapolation of
Lehnert's or Kavanau's studies is a questionable endeavor, some qualita-
tive inferences may be drawn:

1. I1f sphere drag models are supported by cross-stings, it is
possible that boundary layer velocity profiles may be suf-
ficiently distorted as to cause somewhat different base
pressure levels from the no-sting case. This is important
only at low supersonic Mach numbers (M ~ 2). Skreekanth26
attempted to measure this interference effect of cross sting
supports on sphere drag coefficients at M = 2 and found that
the effect was generally negligible for free stream Reynolds
numbers less than 60,

2. 1In view of the large distance between the sphere rear stag-
nation point and the formation of the trailing shockwave,

there is a possibility that wind tunnel data obtained at
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low Mach numbers (M < 2) and low Reynolds numbers will be

affected by flow non-uniformities and also by sphere mounting

techniques. If the Crocco-Lees mixing theory22 is valid for
this problem, then there is a likelihood that only disturbances
which are upstream of the 'critical point" can affect the sphere
base flow. Since the ''critical point'" is near the origin of

the trailing shock wave, and since this origin can be several

sphere diameters downstream of the sphere, this requires that
the external flow be uniform over this length, and in addition
requires that no disturbances occur within this distance. The

violation of either of these two requirements could yield a

drag coefficient which is a function of sphere diameter as well

as Reynolds number and Mach number, in apparent violation of
similarity considerations. This effect will be more significant
at low supersonic Mach numbers than at large supersonic Mach
numbers, because of the relative unimportance of base drag for

M> 3.

Free flight investigations at Reynolds numbers of 105 and 10
and Mach numbers of 2 - 10 have been presented by Hodge523 and Charters
and Thomaszaa (See Figure 1). An essential difference between the flow
structure at these large Reynolds numbers and the flow structure at the
Reynolds numbers encountered during the present investigations is that
the transition zone in the wake is very close to the sphere rear stagna-
tion point at large Reynolds numbers, while it can be downstream of the

critical point at low Reynolds numbers. In addition, the low Reynolds

number case possesses a much thicker viscous layer, the shock standoff
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distance is substantially larger, and the shear stress makes a sizable
contribution to the drag force., However, these three latter considera-
tions are really only a difference in degree, rather than a fundamental
change in the flow structure., The first effect mentioned, the movement
of the transition zone toward the body suggests, however, that there is
a fundamental difference in the base zone and the separation point.

It is quite likely that only for low supersonic Mach numbers
1

~

is a scaling procedure based on

Re2low

C - C
Diow Re, Dhigh Reg

not adequate, since it is for this flow condition that the
base effects become significant. Kavanau's25 correlation of base pressures
on cone cylinders in the form pb/pc° = f(‘JEE;/MZ) is certainly not
included in the above scaling.

Drag measurements at Reynolds numbers less than 104 have been
achieved in a number of different facilities, including low density wind

26,27,28,29,30 3,32 ¢oce £1igne®

tunnels s Pressurized ballistic ranges
in the upper atmosphere, plasma wind tunnels34, and '"hot-shot' wind
. 35
tunnels .
The first tests in a low density wind tunnel were performed by
Kane27 in 1950-1951, These data, which were later extended by Sherman

and Jensen28’29

, covered the Reynolds number range 15 to 800, and the
Mach number range 2.2 to 3.2, The sphere wall temperatures and the
stagnation temperature were both at ordinary room levels., It is important
to note that some knowledge of both the temperature levels and the temper-
ature ratio Tw/To begins to be necessary as viscous effects become

significant, During the period of these early measurements, there was

still some uncertainty in the interpretation of various pressure probe
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readings in the low Reynolds number regime. Because of this uncertainty
in the determination of flow conditions, early wvalues of CD and Reynolds
number may be somewhat questionable, while values of the drag force were
probably quite good. Since the first tests, which were of spheres mounted
on cross-stings, seemed to indicate that this mounting technique changed
the velocity profile, the tests of Sherman and Jensen were performed with
tail sting mounted spheres. These tests indicated an effect of mﬁdel dia-
meter, in addition to a Reynolds number effect. The work of Lehnert19 and
Kavanau25 suggests as a possible explanation that this apparent model size
effect was due to disturbances in the wake region caused by the relative
non-uniformity of the flow field aver the region between the sphere base
and the critical point. These non-uniformities were intensified by the
lack of any means of eliminating either under or over expansion of the
stream leaving the jet,

Free flight tests of sphere drag were performed by May and

Witt31’32

in a low pressure ballistic range. Tests were performed by
firing small spheres from a shotgun into a ballistic range, and then
photographing the spheres by a series of still cameras as various ref-
erence lines were crossed., Although knowledge of flow conditions is
excellent for this kind of test, there is a problem in attaining
sufficient accuracy in ﬁistance measuring techniques to determine the
small change that the drag force makes to the very large initial velocity.
In addition, there is no knowledge of the temperature of the sphere in the

region where data is taken, a lack which may not be very significant at

the Reynolds number of the tests.
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Liu33, who had utilized sphere drag coefficients in the falling
sphere method of determining upper air density, presented data in 1959
which had been obtained by upper atmosphere rocket firings of inflatable
spheres,

The presentation of sphere drag data in the form of lines of
constant CD versus M and Re  is suggested by Liu. Although this
technique is convenient for use, it requires a great deal of uncertain
extrapolation and interpolation in view of the limited range of Mach
numbers that are available, and fails to reflect a Mﬁch number indepen-
dence principle at M > 5 if Re2 is used as the independent variable.

Skreekanth26 measured sphere érag in a low density wind tunnel
using a microbalance and sting wounted spheres. The model and supply
temperatures were both at nominal room temperature values. A model size
effect was not detected, perhaps owing to the relatively small diameter
spheres that were tested, and also to the uniform nature of the flow
field. The tests were at M ~ 2 and 3 < Re < 60.

Wegener and Ashkenas30 Presented data of sphere drag obtained
in a M = 4 low density wind tunnel under conditions of Re ~ 50 to 1000
and To’ Tw = 300° K. The measurement technique was to support a small
stabilized sphere on fine wire in the air stream, measure the deflection
angle of the wire, and after correcting for the stabilization technique
and wire drag, inferring the force on the sphere. The nozzle was a conical
nozzle with boundary layer correction, and calibration indicated a Mach
number gradient of 0.1/inch. 1In addition, at larger sphere sizes (1/2 to
3/8 inch) the core diameter and the model diameter are comparable, Both

of these effects seemed to contribute to a small but measurable model size
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effect., The near parabolic pitot pressure profiles presented in reference
30 also suggest that the sphere drag coefficient measurements at M < 4.008
may be somewhat affected by the apparent almost fully viscous nature of the
free stream.

While all of the data presented in the preceding paragraphs were
obtained at ordinary temperature levels in air, recent work described in
reference 34 presents the results of several measurements of sphere drag
in a low density N2 hypervelocity wind tunnel utilizing a plasma generator
as a heat source., At a Mach number of 9.4, T~ 3000° K and Re = 240/1in,
Tw/To ~ 0.3, four different drag coefficient points were obtained during
the course of calibration of the wind tunnel. All estimates of flow
properties were based on thermal equilibrium throughout. Since these
tests were run at sufficiently low temperatures to eliminate the possi-
bility of dissociation, and since the wind tunnel calibration was quite
extensive, it is felt that these are valid estimates of the flow parameters.

Reference 35 presents the results of experiments performed at
estimated values of M = 11 ~ 59, Re = 10,000 ~ 20, T, = 9000° K ~ 2600°
K, and Kn_~ 0.001 to 3 for air; and M = 38,5 ~ 64.7, Re = 14,400 to
74, Kn_ = 0,002 to 1, T, = 4000° K - 2000° K for helium. In both series
of tests, the wall temperature was probably close to room temperature
level. The actual force measurements, which were accomplished by the use
of a moving model and a Fastax camera, were accurate, but any estimates
of flow properties must be considered as largely tentative because of the
extremely high temperatures, the "bootstrap'" technique, and the sensitivity
of the data reduction to the extrapolation parameter. The validity of the

data is intimately related to the question of whether flow phenomena in a
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"hot shot" tunnel, where a great deal of electrical energy is discharged
into a small slug of working gas, and the gas is then permitted to burst
a diaphragm and then expand into a conical nozzle of 45° included angle,
is sufficiently well understood that meaningful aerodynamic measurements

can be taken. At the present time the answer to this question has not

yet been presented.
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IV. EXPERIMENTAL PROCEDURE AND APPARATUS

Since the present experiments possessed a twofold purpose, and
since two completely different force measuring techniques were utilized,
it is most natural to separate the experimental procedure into three
sections, the first dealing with procedure and equipment that was common
to both techniques, and the remaining two sections dealiné with procedure
and equipment that is related to each of the force measuring techniques.

A, Common Equipment and Procedure

The Berkeley Low Density Wind Tunnel #4 is an open jet contin-
uous flow, non return type wind tunnel which is capable of providing
supersonic flow at static pressure levels of less than 100 microns.
Complete descriptions of the wind tunnel and instrumentation are avail-
able in reference 36. Tests were run in four different wind tunnel
nozzles, a M ~ 2 nozzle (No. 6), a large M ~ 4 (No. 14), a smaller M ~ 4
nozzle (No. 8), and a M ~ 6 nozzle (No. 9). All of these nozzles were
designed to achieve a test core of uniform isentropic parallel flow
imbedded in a relatively thick boundary layer. Descriptions of nozzle
design and fabrication techniques are available in references 36, 37,
and 38. Since the installation of a stagnation point heater had not
yet been completed during the period of the current experiments, the
wind tunnel stagnation temperature was at room temperature levels.

The early drag measurements in the Berkeley wind tunnel
attempted to determine flow properties by the use of three local measure-

39,40 had shown that these local measurement

ments, but subsequent work
techniques were subject to substantial viscous effects. The confirmation

of isentropic flow from the stagnation chamber to the test section had



e

23.

been reported in 195237. All of the nozzles used during the current tests

had been calibrated and utilized by previous investigators, so that there
was confidence in the isentropic nature of the flow. The presence of
isentropic flow (only when the static pressure at the nozzle exit plane

is equal to the static pressure of the test chamber) eliminated the need
for the local measurements and utilizes in their stead one local measure-
ment and two measurements of stagnation conditions., Impact pressures were
measured locally with a source shaéed impact probe, and both stagnation
pressure and temperature were measured in the settling chamber.

A description of the pressure instrumentation is included in
reference 36. The essential nozzle characteristics in terms of M and
Re/in are almost solely determined by the flow rate for a given nozzle.
Boundary layer thicknesses, static pressures, and Mach numbers vary as
the flow rate is changed. Figure 2 exhibits the Mach number - Rez/in
characteristics of t.ie four different nozzles. Since flow nonuniformities
are present in each nozzle, the decision was made to maintain the same
axial position for all tests made with a given nozzle; this axial test
position generally being selected on the basis of previous calibration.
This did not completely eliminate the possibility of free stream non-
uniformity affecting the critical wake region, which could be several
sphere diameters downstream of the sphere base.

B. Force Measurements

1. Drag Balance Studies

The first goal of the current investigation was to provide
drag coefficient information for spheres over the operating range of the

four supersonic nozzles described in the preceding section. Sphere wall
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temperature and wind tunnel supply temperature were both at a nominal value
of 300° K, insuring that near adiabatic wall conditions were simulated.
Drag f;rce was measured using a null type beam balance incorporating a
crossed strip flexure pivot. A Schaevitz linear variable differential
transformer was used to sense the null position of the beam, and the force
on the model was computed from a simple static moment summation about the
pivot center. Precision quartz and steel springs were utilized to oppose
the moment created by the aerodynamic force. From a measurement of the
spring extension it was possible to compute the aerodynumic moment acting
on the pivot center. From a knowledge of the geometry of the balance,
model, and model support system it was possible then te compute the force
acting on the model alone.

Detailed information concerning balance design and operation is
contained in references 41 and 48. Figure 3 exhibits a schematic of the
balance system. Earlier workzs’29 at low supersonic Mach numbers had cast
suspicion on the use of either cross sting or tail sting supported models,
in view of the decided sting effect on the base flow field that had been
demonstrated by Kévanauzs, In order to reduce the likelihood of awny
distortion of the base flow, the decision was made to support the spheres
in the following fashion:

Each model was drilled with either three or four small holes
{0.010") on the great circle of the sphere. Wires were then inserted
into these holes, and small pieces of hypodermic tubing were forced into
the holes to fasten the wires to the sphere. This tubing was trimmed so
that it was either flush or beneath the surface of the model. These

wires were then connected to an aluminum yoke by adjustable brass support
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rods. This yoke was circular in shape and possessed an inside diameter
larger than the largest nozzle exit diameter. This yoke was then mounted
on the drag balance by a steel rod which was held in the sting support
system of the balance. Figure 4 is a photograph of the complete model-
wire-yoke assembly as it appeared on the balance. The yoke was then
completely shielded from any backflow by a large sheetmetal shield, and
the wires and support rods were shielded by 1/4” diameter adjustable brass
tubes with partially capped ends. Only one inch of each wire was exposed
to the flow in order to reduce wire contributions to the drag force. A
photograph of the entire system, including shields, is given in Figure 5.

The original intention was to perform the tests for three-wire
mounted spheres and four-wire mounted spheres, and thus determine exactly
the total effect of one wire (and shield) on the drag force of a sphere.
However, reduction of early data revealed that the scatter in the experi-
ment was sufficiently large so that it was difficult to assess the effect
of one wire on the sphere. In addition, wire diameter was limited by the
substantial deflection of thin wires by central aerodynamic loads and the
consequent additional moment about the pivot center due to the movement of
the model center of gravity. Thus, it was necessary that wire diameter
be a compromise between strength and minimum disturbance.

A constant wire diameter of 0,003" was used for all models
between 1" and 1/4", and a nominal 0.001" wire was used for the 1/8"
models. Rather than attempt to assess the total effect of one wire and
shield, it was decided that wire drag alone would be measured under the
jidentical conditions as the sphere plus wire drag tests. In this fashion,

the wire drag could be subtracted as a tare force, but no real estimate




26,

could be made of the effect of the interference of the wire on éhe sphere
flow field,

It was assumed (on the basis of the work discussed in reference 19)
that this effect was very small for such small disturbances, and well within
the scatter of the data. The wire effect could be significant if transition
were likely, but all previous work had failed to reveal any transition over
a tripped sphere at Mach ~ 2. There was, of course, a possibility that
these small disturbances distorted the velocity profile somewhat near sep-
aration, and hence affected the base flow. However, the ratio of wire
diameter to sphere diameter was of 0(10-2), so that any such effect would
be quite small.

For all tests performed with the 1/4" model, an attempt was made
to correct for the total effect of the wire and shield assembly by obtaining
drag measurements on a two-wire mounted model, and then on a four-wire
mounted model. The difference between the two gross drag coefficients at
the same value of the Reynolds number was plotted in order to obtain a
smooth curve of the total correction due to two wires. This correction
(after smoothing) was considered to be a valid representation of the effect
of two wires on the drag of the 1/4" sphere, and was treated as a correction
to the gross drag coefficients.

The height of the sphere center above the base plate of the
balance was measured carefully, and vertical symmetry of all mounting
wires about this position was required in order to compute the moment
balance about the pivot center.

For a given nozzle all tests were run at the same axial position

downstream of the nozzle exit plane on the jet center line. The selection
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of this operating point was governed by the availability of a relatively
uniform region of flow. The operating procedure was as follows: The model
was mounted on the balance and the wind tunnel then pumped down at no-flow
by the ejector system, The null reading of the spring extender at no-flow
was then noted. The flow was then established in the tunnel by the use of
the flowrator, and an impact probe was positioned in the flow by the traverse
mechanism. This impact probe was stationed at a point slightly upstream of
the sphere forward stagnation point, where it was known that free stream
impact pressure could be measured. Stagnation pressure, impact pressure,
and stagnation temperature were then recorded after the jet had been bal-
anced. The impact probe was then moved out of the stream and the jet was
balanced again. The counter on the drag balance was read after the spring
extender had been utilized to bring the beam back to its null position.
This procedure was repeated at each flow rate.

For the wire tare determination an attempt was made to simulate
the interaction of the sphere shock wave and boundary layer with the wire
by setting up a dummy sphere and then measuring the drag on the wire alone.
These tests were run in a similar fashion to the tests of the combined
sphere and wire assembly. (See Figure 6).

Spring calibrations were made in the manner described by ref-
erence 48. A cathetometer was used to estimate whether wire deflection
was significant enough to cause any appreciable shift in the center of
gravity of the model. Although the shift in the center of gravity was
measurable, it was certain that no additional spurious non-aerodynamic

moment had been measured.
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The reduced data is shown in Table 1. The data reduction
technique is given in Section V-A. Forces were measured in the range of
50 grams to 20 milligrams merely by selection of the proper spring. Spring
calibrations were made before and after use, and it soon became evident
that linearity and spring constant were almost invariant from run to run.

2. Moving Model Studies

The second objective of these studies was to determine whether
severe wall cooling produced any significant change in sphere drag coeffic-
ient at supersonic velocities and low Reynolds number. Although steady
cooling of fixed models by circulating of a coolant had been utilized for
local measurements of heat transfer and pressure at low Reynolds number41,
it was felt that this technique was not readily adaptable to gross force
measurements on small spheres (1/32" < d < 1/4").

A moving model technique was adopted, whereby models were released
from a reservoir above the edge of the wind tunnel jet and permitted to fall
through the jet. As the spheres passed through the section of uniform flbw,
their trajectory was photographed with a high speed motion picture camera.
Horizontal distances were measured on the resulting films and knowledge of
sphere diameter and density was then used to calculate horizontal force by
the application of Newton's second law. The reservoir was capable of being
maintained either at room temperature or at reduced temperatures by the
circulation of coolant. The use of this technique of force measurement on
both cooled and uncooled spheres introduced a consistent, relatively simple
system with no support or interference problems. This simplicity in experi-
mentation was gained at the expense of somewhat diminished accuracy and more

difficult data reduction. The following assumptions were implicit in the
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use of the moving model technique:
1) Characteristic times for development of boundary layers,
wakes and shock waves were sﬁorter than the time or traverse
1 of a sphere through the jet section. Times of traverse were
1 of 0(10-2) sec, while a characteristic flow time d/U was
of 0(107%) sec.
2) The effect of the small vertical relative velocity of the
jet with respect to the model was completely negligible in
the development of the sphere flow field. Since

-3 . ;
vSphere/Ujet-usphere was O0(10 ), this was equivalent to

a misalighment of the flow with the horizontal axis of 0(10-3)
rad. Misalignments of this small magnitude would not influence
the rlow field or drag force measurably.
3) The sphere wall temperature was not changed significantly by the
A aerodynamic heating encountered during the trajectory through the
jet. Estimates were made of the extent of temperature variation
by assuming an average heat transfer coefficient for the entire
trajectory and using the known solutions for the transient cool-
ing of a sphere. 1In order to insure that the estimates be con-
servative ones, the average heat transfer coefficient was
selected at the maximum value anticipated, the stagnation point
i value at Rez/inch = 1200. For the range of diameters and
materials encountered during these tests, these estimates indi-
cated that the sphere wall temperature was not changed by more

than a few degrees from its initial value.
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This system of measurement, whereby acceleration from near zero
horizontal velocity to a velocity of 0(10) ft/sec requires slower exposure
speed and less precision than the kind of tests which are run in ballistic
ranges, where the deceleration of very fast moving spheres (0(10) ft/sec)
is observed. A 16-millimeter Fastax camera was used at a shutter speed
of approximately 50 microseconds, corresponding to a framing rate of 3000
frames/sec.

Description of Operating Procedure

A schematic of the complete moving model test system is shown
in Figure 7. The sphere constant temperature reservoir and release
mechanism are shown in some detail in Figure 8. Multiple tests were
achieved by releasing several spheres simultaneously, and were utilized
to decrease the effort of data reduction.

The following procedure was used during the tests, and was
invariant from run to run:

The sphere reservoir was mounted above the wind tunnel jet,
and the release mechanism was set at the top edge of the jet on the
center line. A piece of flashed opal glass was marked with three vertical
and one horizontal reference lines. This transluscent screen was mounted
vertically at the far edge of the jet and was never more than 4 inches
from the jet center line. Six 750 PR lamps were used to illuminate the
rear of the opal glass screen in order to provide a uniformly bright
background for the models. The reference lines were used to provide a
fixed reference system which was not subject to effects of film shrink-

age and movement.
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Several spheres were placed in each of eight consecutive chambers
of the model reservoir. The maximum sphere diameter was 1/4" and the mini-
mum sphere diameter was 1/32". The upper limit was determined by the
requirement that sufficient acceleration for accurate measurements be
obtained, and the lower limit was determined by the difficulty of handling
and observing small spheres. Several attempts were made to test 1/64"
diameter spheres, but no successful results were achieved.

After the spheres were placed in the reservoir, the Fastax camera,
which was mounted outside the wind tunnel, was focused on a point midway
between the tunnei centerline and the reference screen, All coolant tubing
to the reservoir was connected, but no liquid nitrogen was permitted to
flow until the wind tunnel was at a lower pressure. The wind tunnel was
then sealed and evacuated to operating pressure by the ejector system and
auxiliary pumps.

A predetermined flow rate was set and the jet balanced in order
to insure uniform flow. An impact tube was placed on the tunnel center-
line at a point one inch downstream of the release mechanism and the
various flow measurements were taken. After the impact tube had been
removed from the flow by the traversing mechanism, 16 mm Plus X film
was loaded into the Fastax camera. A setting of 130 volts was utilized
with a "Goose'" booster auxiliary power supply, and a delay system was set
in order that the models could be released during the slowly varying part
of the film acceleration cycle. A nominal framing rate of 3000 frames
was used, with some small variation from run to run. A controlled crystal
oscillator was set to make timing marks on the film at the rate of 900.2
cycles/sec. With the camera loaded, and the spheres in the release mech-

anism, a run was ready to commence.
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The six 750 PR lamps were turned on manually approximately 1/2
second before the starting relay was actuated. The starting relay on the
"Goose" unit was then actuated. The solenoid on the release mechanism
released the models at 0.7 sec after the film had started to move through
the camera. The models fell through the jet and their trajectories were
recorded on the film, which was already at a mean constant speed by this
time. This rather short sequence of events constituted a complete run.

The first four such runs in a given nozzle were conducted with
models that were at room temperature levels. Two flow rates were run in
each nozzle, in order to provide additional variation in Reynolds number.
Thus, at M = 6, for instance, the first two runs were at a flowrator
setting of 55#/hr and the second two runs were at a setting of 20#/hr,

After these first four runs, liquid nitrogen was pumped through
the constant temperature reservoir in order to cool the modeis to a sur-
face temperature of 80° K. A thermocouple which was mounted on the
release mechanism was utilized as an indication of the temperature of
the entire assembly, The individual chambers had been designed to insure
that the spheres were completely surrounded by a constant temperature
enclosure. Once the models were cooled down to liquid nitrogen levels
by radiation, conduction and convection in their chambers, a set of runs
was made at the same flow conditions as the earlier tests with uncooled
models. The test procedure was identical with that described earlier
in this section.

Since a requirement of this technique was that there be a uniform
flow region sufficiently large to obtain useful data over the model path,

it was necessary that only relatively large flow rates be utilized, since
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the lower flow rates in a given nozzle generally exhibited a broadening of
the boundary layer. In addition, it was known that the No. 14 M ~ 4 nozzle
posseséed a larger uniform core than the smaller No. 8 M ~ 4 nozzle. For
this reason, these moving model tests were not performed in the No. 8
nozzle, but were performed in the No. 9M~6, No. 6 M ~ 2 and No. 14 M «~

4 nozzles,

After a complete set of eight tests in a given nozzle had been
performed, the distances were measured between film plane and the tunnel
centerline, and also between the tunnel centerline and the reference
screen.

A new nozzle was then installed and the entire operating pro-
cedure was repeated.

All runs were made with Plus X 16 mm reversal film at an opening
of £.8 on a 1-1/2 £(1.9) lens. Depth of focus at the distances utilized
during the tests was 8" for this opening. An enlarged print of a typical
frame is shown in Figure 9. All films were developed by a commercial

laboratory and were developed as positive films,
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V. REDUCTION OF DATA

A. Fixed Model Technique

A complete description of the techniques used to calculate p,
M, Rel, Re29 and q is given in reference 48, In addition, the same
reference yields some detail about the reduction of force measurements
on the microbalance to drag coefficient form. Table 1 presents all of
the reduced data in tabular form,

B. Moving Model Technique

Each roll of film was first edited on an Eastman Kodak Recordat
Microfilm Reader. As no more than 10 feet of any roll consisted of use-
ful information, it was convenient to eliminate the unnecessary parts as
quickly as possible. After this editing process, the film was viewed on
a light table in order to locate the timing marks and to scribe them
carefully,

A Bausch and Lomb optical comparator was then used to measure
distance on the film. The use of the 25X magnification was judged the
most satisfactory compromise between convenience and accuracy. For each
model, distance data was obtained from a number of frames. As a frame
was selected for scrutiny, it was scribed with a number. The stagnation
point of each model was selected as a moving reference point and the
left side of one of the three reference lines drawn on the opal glass
screen was selected as a fixed reference line. Since only distances
normal to the fixed reference line were measured, it was necessary to
use only one of the two possible movements of the comparator stage.
After a frame was selected for observation, it was numbered, and then

the film was positioned so that the left hand side of the reference
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line on the film was lined up with the right hand side of the reference
line on the comparator screen when the screen was set at 0°, The micro-
meter on the comparator was then used to measure the location. Next, the
moving stage was shifted until the right hand side of the comparator ref-
erence line was precisely lined up with the forward stagnation point of
the moving spheres. The micrometer on the comparator was then used again
to measure location. Since there were usually several models on each
frame, it was possible to measure one reference line and several different
model distances without any adjustment of the film, In order to eliminate
the effect of film shrinkage on the measurements, the distance between two
reference lines fixed in space was measured at least once for each roll of
film, and this was used to estimate the magnification factor, Careful
reading of the film on a comparator is tedious, time consuming work, and
it was found that the speed of film reading was increased by the use of
a tape .recorder for recording the measurements, rather than transcribing
them as they were taken.

Once the film had been read on an optical comparator, it was
necessary to count the timing marks in order to evaluate elapsed time
as a function of the number of frames from the first frame of interest.
The distance between every fourth timing mark was measured, using a
scale. This distance, in centimeters, was then plotted against the
number of frames counted from the first frame. In general, a straight
line was drawn through the points; yielding a curve %% = C(A+BN). This
line represented the variation in framing rate due to the acceleration
of the film through the Fastax camera. Over a sufficiently small region

this fit was satisfactory, and since BN/A < <1, this was sufficiently

accurate to evaluate ¢t(N), This first order differential equation can
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be solved exactly for t(N), but the small magnitude of BN/A permits

an approximate solution tCA = N].-% EH] which is correct within 0.2%

A2
over the range of values encountered during the experiment. It was
convenient to keep the time scale in units of N or frames, and to
convert to seconds at a later stage in the data reduction,

Since A and BN are given in units of centimeter/four timing

marks, then the constant C is equal to

E%;%%;ﬁ£%25§ % where f 1is the frequency of the
£ timing light generator
c l_ o 900.2 N 4 timing marks

0.762 4 cm sec

All differentiations were calculated using distances at the film plane,
and the final conversion to values at the object plane was done at a later
step, using the appropriate magnification factor. Once a time scale was
established and the various distances recorded, the next step was the cal-
culation of Sref - Smod for each test sphere at each frame of interest.
A suitable constant was usually added to this difference in order to insure
that the distance term be positive. Table 2 consists of tabulated values
of distance and time for all the tests.

The next step in the data reduction scheme was to smooth and
differentiate the data. Hart:ree46 suggests that the most effective
smoothing technique may be the plotting of points on a convenient scale
and then discarding points which are obviously wild. In view of the

difficulty in plotting four digit numbers with sufficient accuracy, this

approach was not adopted, but rather the smoothing and first differentiation
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was accomplished by a purely numerical technique. The data was smoothed
and the first differentiation was done by the use of the 704 computer using
the routine described in Appendix 1.

The computer output was then plotted on a working curve similar

d(Sref-smod)
d(CAt)

slope of this curve is proportional to the local acceleration. A funda-

to Figure 10. This is a plot of vs CAt for run 146. The
mental requirement of the moving model technique was that the acceleration
be constant over a sufficiently large region such that the slope could be
estimated with some confidence. At this stage of the data reduction, it
was possible to assess whether the model had been tested in a uniform
region of the stream, and thus had a constant force acting on it for a
sufficiently long time. 1In general, the velocity curves possessed sub-
stantial regions in the center (corresponding to over 100 frames) where
the velocity varied linearly. (See Table 2.)

Whereas the first differentiation and smoothing of the raw data
points was done numerically, the second differentiation and smoothing was
done graphically. Since it was no longer necessary to plot four digit
numbers accurately as in the initial smoothing, the graphical approach
was acceptable at this stage. In addition, it provided the first oppor-
tunity to dismiss wild points from consideration. As discussed in
Appendix 1, wild points in the original data propagated errors in slope
to 3 points on each side of the bad one, so that it was quite easy to
identify the presence of a wild point by a set of seven differentiated
values which were displaced significantly from the surrounding points.
Once a wild point was identified, it was corrected, and the first

differentiation and smoothing process was done over. This was quite
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convenient since it was necessary to change only one IBM data card,
corresponding to the corrected point, in the set.

A sphere which had undergone constantly varying aerodynamic
forces would possess an acceleration curve which was also constantly
varying. This would make the choice of a single acceleration to rep-
resent the test a somewhat questionable procedure, in view of the fact
that flow properties were evaluated at only omne station”in the stream.
Because of this, velocity curves which did not exhibit a substantial
region of constant acceleration were discarded. The decision was made
to draw a single straight line through the local values of the velocity
corresponding to the uniform region. Essentially, this is equivalent
to selecting a single average acceleration to represent the motion of
the sphere in the uniform core of the jet. It was felt that the slope
of this straight line represented the average acceleration in the test
section within +2%. The actual acceleration is equal to this geometric

slope d2(S )/dz(tAC) multiplied by (AC)2 ﬁ, where M 1is the

ref-smod
magnification factor.

From this slope, knowledge of sphere density, sphere diameter
and dynamic pressure q, in the test section, the drag coefficient was
calculated using the following relation:

P_ g X Dia x Mac)?

= mo
CD = (Slope) x 8 X

win

Values of Yood? Dia, M, A, q, and CD are tabulated for each run

in Table 3.




39.

Figures 11, 12, and 13 exhibit the data points for both wall
temperatures at each nominal Mach number, 2, 4, and 6. Although it is
possible to draw faired curves through the data points and hence estimate
the effect of cooling on sphere drag, it was decided that a statistical
analysis would be desirable to aid in the detection of any significant
differences which might be attributed to cooling.

As discussed in Section IV-B-2, any systematic error that arose
due to the use of the moving model technique was present in all the sets
of data, since testing and reduction was invariant from run to run. In
the belief that random errors in measurement and reduction yielded errors
in value of the drag coefficient which were about normally distributed,

a regression analysis was carried out for each set of data corresponding
to a given nominal Mach number and a given wall temperature. This is
described in Appendix 2. Another useful simplifying assumption was made;
that the value of the independent variable 1/‘JEZ; was identical with
its true value, This greatly reduced the complexity of the regression
analysis and could certainly be justified by both the negligible error
in the estimated value of Re2 compared to the magnitude of the error
in the estimated value of CD” and in addition, by the fact that CD

is a slowly varying function of Re for the range of variables tested.
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VI. ACCURACY

Since the two force measuring techniques were completely dis-
similar, it is necessary to evaluate the accuracy of the results separately
for the drag balance studies and the moving model studies,

A, Drag Balance Studies

The primary cause of uncertainty in the drag balance measurements
is the magnitude and effect of the nonuniformity of the flow produced in the
various nozzles. This nonuniformity of the stream in which the spheres are
{imbedded results in some uncertainty in the magnitude of the parameters that
are selected to characterize the flow (p, M, q, T), and in addition may
affect the structure of the flow field surrounding the sphere. This latter
effect is particularly important at M ~ 2, where disturbances in the wake
region may cause significant variations in the base drag. It is thus quite
unfortunate that the flow in the No. 6 nozzle (M ~ 2) is the least uniform

of the various nozzles tested. If the work of Lehnert and K.awa:naulg”25 c

an
be extended to these tests, then it appears likely that a uniform region

of perhaps 3 - 5 sphere diameters is needed to insure an undisturbed near
wake and undisturbed base pressure.

In addition to this inherent nonuniformity, results reported in
references 26 and 42 suggest that flow in M ~ 2 nozzles operating with
thick boundary layers are sensitive to flow obstructions (such as models,
shields or probes) which are downstream of the exit plane.

At M~ 4 and M ~ 6, it is felt that base effects are not so
important as at M ~ 2, and hence nonunifcrmities or disturbances in the

wake region will not result in a significant effect on the drag. In

addition to this, the flow is more uniform in both M ~ 4 nozzles and the
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M ~ 6 nozzle than it is in the M ~ 2 nozzle., 1If the small effects of
measurement errors in pressure and temperature are considered as well as
the nonuniformities of the flow, then estimates of the flow properties

are subject to the following uncertainty:

Nominal Mach No. 2 4 6
Uncertainty in Mach Number 49, *1% *2%
Uncertainty in Dynamic Pressure 6% +3% 47,
Uncertainty in Reynolds Number +67% +4%, 5%

While the above estimates are rather conservative, and probably infer the
95% confidence limits for most of the data, they are probably not valid
at the lower flow rates achieved within each nozzle, where it is known
that nonuniformities are more significant and measurements more difficult.

Force measurements could be obtained within accuracy of 0.5%
for the entire range of forces under completely static conditions by the
proper choice of quartz springs. Under dynamic conditions (as in the
wind tunnel tests) this estimate of the error in force measurements is
generally valid, except under conditions of fluctuating ejector perform-
ance. The uncertainty in drag coefficient, which considers both un-
certainty in force measurement and uncertainty in flow properties, is
estimated at +7% at M ~ 2, #4% at M ~ 4, and +5% at M ~ 6.

B. Moving Model Tests

The uncertainty in the force measurements of the moving model
tests is closely related to flow uniformity. While it is inherently
subject to random errors, it is felt that the technique utilized during

the current tests was capable of estimating forces with an uncertainty
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of *2%. Measurement of distances on the optical comparator was accurate

to #0.0001 inch on the film scale, corresponding to an actual dimension

of +0.002 inch during the tests. Measurements of time Were read correctly
within 1%, and measurements of model density were correct within 0.5%.

While it is true that a force measurement taken from only three displacement-
time data points could be subject to an error as large as *107% for a small
heavy model, the several averaging processes built into the differentiation
schemes and the use of 12 to 35 data points reduce the uncertainty in force
measurement to a level of #2%. 1If the uncertainty in flow parameters over
the Jength of path is considered, the errors in the moving model tests will

be of the following order:

Nominal Mach No. 2 4 6
Uncertainty in Mach Number 4% +2% +3%
Uncertainty in Dynamic Pressure +6% +3% *5%
Uncertainty in Reynolds Number 6% +5% 6%
Uncertainty in C +7% +6% *+5%
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VII. RESULTS

A. Force Balance Studies:

The results of the experiments performed with a fixed model mounted
on a drag balance are shown in Table 1 and are presented in Figures 14, 15,
16, and 17 in the form of CD vs. Re2 curves., Since there were significant
differences in the results obtained with the different nozzles, it is
instructive to examine all of the data obtained in a given nozzle for
possible model size and support effects.

Nozzle No. 6 - The results of tests performed in the No. 6 nozzle
are shown in Figure 14, The presentation of the data in terms of a single
independent variable, Rez, is suggested by the discussion of boundary
layer solutions given in Section II, but is certainly not quite so suitable
at lower supersonic Mach numbers where base effects are important, and
where the blunt body inviscid flow field is still a function of free stream
Mach number. The results obtained in this nozzle, which provided a Mach
number variation of M ~ 2.1 to M ~ 1.6, were substantially different from
those obtained in any of the other nozzles. An examination of Figure 14
reveals two salient points:

1). Two drag measurements performed on a fixed diameter sphere at a
given value of the Reynolds number, the one test of a sphere mounted by
four wires, the other test of a sphere mounted by three wires, consistently
indicate that the three-wire mounted model possesses a somewhat higher drag
coefficient (2 - 8%) than the four-wire mounted model. This is significant
for the 3/8, 1/2, and 3/4" diameter sphere at larger Reynolds numbers, but
does not seem to be present in the data obtained with the 1" diameter model.

The data obtained with the 1/4" diameter model was the only data which was
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corrected for model support effects by measuring drag coefficients on a
two-wire supported model, a four-wire supported model, and then extrapolating
to the case of an unsupported model.

Any explanation of this systematic variation in the drag coefficient
with the method of support must be purely speculative. The first hypothesis
was that the wire deflection was sufficiently large to cause a shift in the
model center of gravity, and hence cause an additional non-aerodynamic
moment which would appear as an increment in the drag force. This hypothesis
was shown to be false by actual measurement of the model deflection under
load, both in and out of the wind tunnel, by the lack of any systematic
effect at other Mach numbers than 2, and by the absence of any significant
variation in the data obtained with the 1" sphere.

The next hypothesis was that this is a purely aerodynamic phenom-
ena related to the impinging of compression waves emanating from the wire
shields shown in Figure 5 on the wake region of the model. This hypothesis,
if true, would require the flow behind the 1" model to show the largest
difference between the three-wire results and four-wire results. 1In
addition, application of the theory of reference 22 would probably require
base drag to be relatively unaffected by any compression wave impinging in
the far wake, and since the distance between the shield tip and the model
was 1", any disturbance off the shields would certainly impinge on the far
wake of the 3/8 and 1/2" diameter models. Thus, it appears unlikely that
this hypothesis is completely valid. No completely satisfactory explana-
tion is yet possible of these results.

2). In addition to the significant variation in the results obtained

at a fixed model diameter, Mach number, and Reynolds number with varying
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number of support wires, there is also a non-systemic variation in CD

from model size to model size at a fixed value of the Reynolds number.

The non-systematic nature of this variation eliminates the difference in
Mach number as the responsible factor. This model size effect was observed
by Sherman28 and Jensenzg, who supported models by tail stings, and attributed
the lack of correlation with Reynolds number alone at least partially to
the effect of the supports on the critical wake region. This effect seems
to be especially predominant for Re2 > 150, It is possible that this model
size effect, along with the sphere mounting effect, is a function of non-
uniformity in the nozgzle which is always present, and which may be affected
by the additional interference of the model and the support assembly.

Nozzle No. 8 - M=~ 3,7-4., Results obtained in the No. 8 nozzle
are shown in Figure 15. The data do not indicate either any significant
systematic effect of the method of support or of model size. All of the
data obtained in this nozzle (M ~ 4,0 to 3.7) seem to be contained in a
scatter band of approximately #3%, which includes random error and the
variation due to Mach number.

Nozzle No. 14 - M= 3,2-4, The results of data obtained with

the No. 14 nozzle are shown in Figure 16, This nozzle is essentially a
scaled up version of the No., 8 nozzle, and was designed to utilize the
full pumping capacity of the wind tunnel ejector system. Even at low
flow rates, corresponding to reduced Mach numbers and low free stream
Reynolds numbers (350/in), there is a relatively uniform core of 1-1/2
inches in diameter38° The data obtained with this nozzle indicate no

systematic effect of either model diameter or mounting technique.
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As in the other tests at M ~ 4 in the No. 8 nozzle, all of the
data fall within a scatter band of approximately *3%. At the lower flow
rates, the Mach number corresponding to the low Reynolds number range of
a fixed diameter model is 3.3, compared to 4.0 at the higher flow rates.
There is thus a greater likelihood that there is variation within this
+3% which is due to the systematic effect of Mach number. However, the
effect is so small as to be indistinguishable from random error.

Nozzle No. 9 - Figure 17 is a presentation of the data obtained
in the No. 9 nozzle, which provides a nominal M = 6 flow. Once again, as
in the tests performed at M ~ 4, there is no systematic support or model
size effect., All the data, except for two or three wild points, fall
within a scatter band of approximately +3%. For values of the Mach
number which are possible in this nozzle, there is little likelihood
of small variations in the Mach number affecting the drag coefficient.
Thus, it is probable that the variation within this scatter band of +3%
is due to random errors, rather than to any systematic Mach number
effect. Figure 18 presents all of the data at all Mach numbers as a
function of Re . This figure shows the relative maganitues of the
scatter quite clearly.

B. Moving Model Studies =

The results of the experiments performed with the moving model
technique are shown in Table 3, and are presented in Figures 11, 12, and
13. It is desirable to consider the results, as before, at a fixed
nominal value of the Mach number.

No. 6 Nozzle - M = 2 - the results of the tests performed in

the No. 6 M ~ 2 nozzle are shown in Figure 11. As described in Appendix
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2, a least squares polynomial fit in 1/'fE;£ was utilized to describe
the data, and to aid in the interpretation of the results. This curve,
and various confidence limits are shown in Figure 11 for both the insu-
lated and cold wall data. The limited amount of data and the restricted
range of model size (1/4" to 1/32" diameter) combined with the greater
random error of these experiments made it difficult to assess any model
size effect. The regression curve of CD on Re2 for the insulated
wall models agrees with the data obtained with the force balance measure-
ments in the region of overlap. This agreement helps establish the
validity of this moding model technique in this particular wind tunnel
nozzle.

The results of the moving model tests performed on cold models

T ~ 80 K) are also shown in Figure 11. It is apparent from a comparison
of the two regression lines that there is a small effect on the drag
coefficient of the reduction in wall temperature from 300° K to 80° K
at M ~ 2 < Re, < 150.

2

No. 14 Nozzle - M ~ 4 - The results of the experiments performed

in the M ~ 4 No. 14 nozzle are shown in Figure 12. This nozzle was util-

ized to provide all the M ~ 4 data because of its larger region of uniform

~

flow than the No. 8 nozzle. In the region of common validity, at Twall

300 K, there is satisfactory agreement between the regression curve of

CD on Re2 obtained by the moving model technique and the data obtained

by the force model measurements. Thus, the validity of the technique in
this nozzle is established, and one may with greater confidence assess
the effect of wall cooling. The regression curves of CD on Re2 for

both cold wall and insulated wall indicate that a significant decrease
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in the drag coefficient (8 - 10%) accompanies a reduction in sphere wall
temperature from T = 300 K to T, = 75° K. Although the lower confi-
dence limit of the insulated wall regression estimate is very close to
the upper confidence limit of the cold wall estimate, particularly at
Re2 > 100, it is still likely that there is a significant difference in
drag coefficient which is attributable to the reduction in wall tempera-
ture,

No. 9 Nozzle - M ~ 6 - The results of the experiments performed
in the Mach No. 6, No. 9 nozzle are shown in Figure 13. Agreement between
the regression estimate of the insulated wall tests and the data obtained
by the fixed model technique is not quite as satisfactory in the region
of overlap as either the M ~ 2 or M ~ 4 tests, The regression line seems
to be approximately 5% lower than the data points for values of Re2 > 100,
but the difference is not very significant if one considers the few points
in this region obtained by the moving model measurements. .

The regression estimate of CD on Re2 for cold wall tests
indicates that a significant (8 - 10%) decrease in drag coefficient

accompanies a reduction in wall temperature from 300° K to 80° K.
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VIII. DISCUSSIONS & CONCLUSIONS

Although the data obtained at M ~ 2 is not so clearly defined
as that at M ~ 4 and M ~ 6, examination of Figures 14, 15, and 16 reveals
a variation of the drag coefficient with Mach number. For values of
Re2 < 200, the drag coefficient exhibits a small increase with decreasing

Mach number, at the same value of Re Throughout the entire range of

2°
these studies, the drag coefficients measured at M ~ 4 are approximately

5% higher than those measured at M ~ 6. The drag coefficients measured

at M ~ 2 are larger than those measured at M ~ 4 by as much as 12% for
values of Re2 < 100, but seem to fall slightly below the M ~ 4 data at

Re2 > 200, As a consequence, the slope of the CD ~ Re2 curve seems

to be somewhat larger at M ~ 2 than at M ~ 4 or M ~ 6.

This variation of CD with Mach number suggests that any com-
parison of these data with earlier work must be on the basis of relatively
constant Mach number. The early work at Berkeley, the recent work of
Sreekanth at Toronto, and the ballistics range data of May and Witt are
all shown in Figure 19, as well as all of the results of the present
investigation at M ~ 2. Comparison of the present work with that performed
at Berkelev in 1951 is difficult because of the inadequate knowledge of
stream and probe properties which plagued the early experiments in low
density wind tunnels. However, there is reasonable agreement among all
the data except for several high points reported in reference 27 at Re2
< 15. In the region near Re2 ~ 15, the results of reference 26 agree
fairly well with the results of the present investigation. The data

obtained by the moving model technique is also shown in Figure 19. Both

adiabatic and cold wall tests produced significantly more random error
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than the balance tests, and it is certainly true that the regression
estimate shown in Figure 11 is a more reliable indication of the variation
of CD with Re2 than is examination of individual data points. While
it is true that a small reduction in drag coefficient accompanies a change
in wall temperature from T&/To ~ 1l to Iw/To ~ 0.26 at M = 2, this
reduction does not seem to be as significant at M ~ 2 as it is at M ~ 4
and M ~ 6.

Figure 20 presents a summary of the experimental values of the
sphere drag coefficients obtained at a nominal Mach number of 4. Although
the work of reference 29 was stated as being in the range of M ~ 2.8 to
M ~ 3.2, there is considerable question concerning this and other stated
values of the flow parameters because of the use of uncorrected 5° cone
probes to measure static pressure. For the Mach and Reynolds number region
of these tests, the viscous correction to cones of this small angle is
quite significant, and consequently there is considerable uncertainty
surrounding these results. In addition, it appears as if there was no
attempt made to balance the jet leaving the nozzle in any of the work
reported in references 27, 28, or 29, leaving the possibility of an under-
expanded or overexpanded jet which was completely determined by the
ejector characteristics. The recent work of Wegener and Ashkenas30 is
also presented in Figure 20, The adiabatic wall data of the present
tests are in fair agreement with their work, being approximately 3 - 5%
higher at the same value of Re2° This small increase may be related to
the fact that there is a Mach number range of 3.31 to 4.1 which is included
here at the nominal value of M ~ 4, while the Aata of reference 30 was

obtained in a range of 3.8 <M < 4.1, All of the data obtained at M ~ &4
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by the moving model technique is also presented in Figure 20. The con-
sistently large scatter of these experiments requires (as at M ~ 2) that
estimates of the results of the cold wall tests can best be made from the
regression curve, Figure 12, rather than from examination of individual
data points.’

The drag coefficient of the cocoled models is approximately
5 ~ 10% less than that of the adiabatic models, indicating that at M ~ 4,
reduction in wall temperature from 300° K to 80° K is moderately effective
in reducing drag. The work of reference 45 provides additional data taken
in the Jet Propulsion Laboratory Low Density Wind Tunnel at M ~ 4, 1In
these tests, the same technique which had been used for adiabatic spheres
and which was reported in reference 30 was applied to heated spheres.
The results are also shown in Figure 20, and indicate that an increase
in the ratio Tw/To from 1 to 2.6 is accompanied by an increase in drag
coefficient of 8 - 10% in the range 30 < Re2 < 50. These results on
uninsulated spheres at M ~ 4 are highly suggestive that for this Mach
number, where base and wake effects are not very significant in deter-
mining drag a boundary layer solution would yield reasonable values of
the skin friction and the variation of the drag coefficient with

temperature. The empirical correlation proposed in reference 45,

1/2
(p,/p,)

~ 2 1"
c, ~ l+3 -—;;"375—— £''(0)
2

where f£'"(0) is taken at its
stagnation point value

o

implies that the variation of drag coefficient with wall temperature at

M = 4 may be estimated merely by selecting the value of the stagnation

C-
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point shear parameter which corresponds to the value of Tw/To' While
this correlation is the result of a rather simple analysis, it does yield
the observed result that an increase in temperature is accompanied by an
increase in drag.

Figure 21 is a summary of available sphere drag data at low
Reynolds numbers and hypersonic speeds. The characterization of the
present experiments at M ~ 6 as hypersonic experiments has no real a
priori justification, except for the knowledge that both inviscid super-
sonic blunt body flows and "local similarity' boundary layer flows exhibit
little change with Mach number in the range 5 <M < o if a perfect gas
with constant ¥ 1s assumed, The work of reference 35 reports further
results for sphere drag in air at stagnation temperatures of 9600° K,
for helium at stagnation temperatures of 3000° K, as well as the results
shown in Figure 21, which are for To ~ 2600° K in air., The decision to
include here only the work done at To ~ 2600° K in air is predicated on
the belief that it was only for these results, where dissociation effects
are small, is there a valid comparison with the present work.

The work of reference 34 is also shown in Figure 21. These
experiments were performed in a well calibrated arc-heated nitrogen
stream at approximately 3000° K. The temperature of the spheres was
maintained at 900° K, corresponding to a ratio Tw/To = 0.3,

The adiabatic experiments at M ~ 6 indicate that even at Rep ~
1000, the drag coefficient variation with Re2 is still significant, and
there is perhaps a 10 or 15% contribution to the drag due to viscous
effects. The results obtained here at Tw/To ~ 0,26 indicate that the

drag force is reduced by 10% from the adiabatic values. There is good
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agreement between the data of reference 34 and the regression estimate of
the cold wall data which was obtained during the present investigatioﬁs°
This agreement between the results of two different ecperiments, the one
at T ~ 3000° K at M ~ 9.4, and the other at M ~ 5.9 and T~ 300° K
suggests that in hypersonic flow of air at stagnation temperatures less
than 3000° K (corresponding to the onset of appreciable dissociation),
the drag coefficient of spheres is a function only of Re2 and Tw/To'
Comparison of the present work with that of reference 35 indi-
cates that substantial discrepancy exists between results cited there
and the present results. As discussed earlier; the lack of understanding
of the processes occurring in a hot shot wind tunnel, the inability to
obtain measurements of local impact pressure, and the nature of the
"bootstrap" technique which was used as an integral part of data reduc-
tion and experimentation, all contribute to a large uncertainty in the
true magnitude of Rez, and a somewhat lesser uncertainty in the value
of CDo Since the results cited in reference 35 are strongly dependent

on the choice of extrapolation parameter and were hampered by a lack of

knowledge of the variation of C_ with Re29 it would be of interest

D

to recalculate the flow properties in the 'hot shot'" tunnel using the
estimate of CD VS, R92 shown in Figure 21. 1In this fashion it might
be possible to estimate the true values of local stream properties

without recourse to a ''bootstrap' technique.
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IX, CONCLUSTIONS

The results of the experiments performed on fixed adiabatic
spheres served to delineate further the variation of the drag coefficient
in the low Reynolds number supersonic regime. While these results were
satisfactory at M ~ 4 and M ~ 6, several discrepancies at M ~ 2 were
noted which were in qualitative agreement with results first observed
in the earliest low density wind tunnel measurements. Although no com-
pletely valid explanation of these discrepancies has been presented; it
is felt that further tests in a larger, more uniform M ~ 2 nozzle, using
the unshielded wire technique of reference 30 would provide valuable
information concerning this discrepancy.

The use of the moving model technique to measure drag forces
on small spheres in a low density wind tunnel must be viewed as only a
partial success. The significant increase in random error over the
fixed model tests and the great difficulty in data reduction both tend
to diminish the utility of this technique as a means of measuring drag-
coefficients on insulated or heated spheres. However, in view of the
difficulty of obtaining drag measurements on highly cooled small models
in any other fashion, it can be a useful technique in the measurement
of drag forces if it is used in conjunction with a relatively simple
statistical analysis. If cognizance is taken of the fact that this
technique permitted the measurement of sphere drag forces as low as
5 milligrams in a wind tunnel context, with a probable error of the
regression estimate of less than +5%, then its use can certainly be

justifiedo
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APPENDIX A

The regression analysis of the data points is based on the
assumption that the data arose from an experiment adequately represented
by the model of equation (11-9). Each family of data points was first fit
to a simple straight line in 1/'J§;, CDil = A+ Nl/'JEE; by the method
of least squares, The same family of data points was then fit to a quadratic
in 1 /NRe , CD2i = A, +'BZ/‘J§;; + CZ/Rei , also using the method of
least squares. The significance of the quadratic fit was judged on two
different bases, the one completely statistical, and the other following
from the gas dynamics analysis that led to the construction of the model.
The viewpoint was adopted that the higher order polynomial in 1/‘J§;—cou1d
be consistent with the assumed model only if the term which is associated
with the boundary layer shear stress, BZ/'JEE; , possessed a positive
value., If the coefficient BZ did not possess a positive value, then
the quadratic polynomial was removed from further consideration and the
linear fit was adopted.

If the coefficient 32 was determined to be positive, then the
highest order term in the quadratic was examined for statistical signifi-
cance in the following fashion (see Brownlee47)n

The sum of the squares cf the residuals was calculated for both

the linear fit and the quadratic fit, i.e.,

n 2
SS1 = z (CD " CD )
i=1 ex i
1
n 2
SS = Z {C .~ C.)
2 i=1 Dex1 D2
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An F statistic, which consists of the quotient of two variances is con-
structed, The variance is estimated by SSz/n-39 corresponding to the
sum of the squares of the error distributed over the n-3 remaining
degrees of freedom. The reduction in variance due to the addition of a
quadratic term in the regression formula is then estimated by subtracting

552 from SSlo The F statistic is then calculated,

SS1 - 552

Foe oSS

This statistic is distributed as F(l, n-3) where 1 refers
to the degrees of freedom of the numerator and n-3 refers to the number
of degrees of freedom of the denominator. If this value of F(1l,n-3) is
less than the tabulated value of Fa(19n=3) corresponding to some required
level of significance &, then there is no evidence at this level « that
the coefficient C is not equal to zero., The probability of rejecting a
true hypothesis is @. In non-statistical language, a value of F < EJ
indicates that there is no significant advantage in considering the
quadratic rather than the linear fit, A value of «& = 95% was selected
for these tests. Table &4 contains the coefficients for both the linear
and quadratic fit. 1In only one case, M = 2 at T = 300° K, was the

coefficient B, negative, eliminating the quadratic fit from considera-~

2
tion. All of the remaining cases except the M = A”Tw = 300° K case
possessed values of F less than F00059 indicating that the coefficient
C2 was not different from zero at the 5% level. For M = &4, Tw = 300° K,
it was found that C, # 0 at both the 5% and 1% levels.
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Confidence Limits

Once the estimate of the regression of CD on Re was made,
it was desired to establish confidence 1imits for this estimate, First

it was necessary to evaluate the variance of the estimate at each point,

For a quadratic fit,

_ 2
1 1
variance (C ) = Var (A,) + Var (B,)) -
Destimate 2 2 JRei N/Rei
- 2
1 1
+ Var (C2) e -~ Re.
i L
1 1 1 1
+ 2 cov (B,C,) - —_ . =
272 ,—_Rei ['_Rei Re i Re i

The calculation of the variances and covariance of the coefficients in a
quadratic are given in reference 47.

Confidence intervals are derived using the approximate t
multiplier corresponding to the degrees of freedom of the error variance
at the prescribed level of significance. Thus if the confidence interval

is selected as 1 - ¢, then the estimate of the regression line is

o _ . Vo
D, = A2+BZ/~/Rei + c2/&ei : ot v(cy )

i

Figures 11, 12, and 13 show 95% confidence intervals. Since this is a
somewhat severe test of an estimate, it was decided to utilize 50% con-
fidence limits in the interpretation of the data. This corresponds to

the probable error of the estimate in the sense that there is a 50% chance
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that the performance of an identical experiment would yield a regression

line that falls within the 50% confidence intervals. 1In all cases where

C2 was determined to be zero, pooled estimates of the error variance

were made.




APPENDIX B

704 Subroutine (DUZ) was used to smooth and differentiate the
data points. The scheme operated in the following way:

Consider a set of data points

X ti where Xy is distance
t:i is time
i = 1;n i is the number

of the point

It is necessary that n S 7 for operation of this program. For 1i=1
to i =4 the derivative %%. was obtained by evaluating the derivative
of the least squares quadratiz fit through the first 7 points. Thus if
a second order polynomial x = o+ pt + 7t2 is con§tructed through the
first 7 points, then %%1 = + 27ti'

For values of 1 =4 <m< n-3, a quadratic in t is fit
through the three adjoining points on both sides of point m, as well
as through point m itself. The derivative of this quadratic fit is

the evaluated at the point m=] as before

%} = p+ 27t

t

- i=m

For values of i less than n but greater than n-4, a least squares
quadratic is drawn through the last 7 points. The value of the deriva-
tive is then obtained at each of the points of interest.

The accuracy of this scheme was tested empirically by differ-

: . X
entiating the function e in the range 0 < x =<2, and the results
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indicated that the derivative of a smooth analytic function could be
obtained with an accuracy of 0.3%.

Since the experimental data was analytic in t, and since the
region of interest could be represented exactly by a parabola, this
differentiation scheme was quite acceptable. Some difficulties were
encountered when a wild point appeared in the data, since it could
influence the derivatives evaluated at the 6 surrounding points by the
role that it played in the evaluation of the least squares coefficients.
The presence of a wild point could be detected easily, however, when the
local derivatives were examined graphically. 1If a wild point was
detected, it was examined carefully in order to determine just how it
arose, and after it was corrected, the set of data was differentiated

again.
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TABLE la. RESULTS OF DRAG BALANCE TESTS
M~ 4 - No. 14 Nozzle
] .
§§n ]zi::;:z; 32;22 total CD1:are CDnet Re,, Mach No. Re2
676 0.250 4 1,842 0.584 1.258 620 4,055 167.4
1.851 0.590 1.261 579.5 4.033 108.9
1.882 0.608 1.274 495 3.975 135.6
1.9129 0.620 1.292 453.5 3.949 125.0
1.922 0.632 1,290 413.7 3.914 114.6
1.981 0.656 1.325 357 3.876 100.6
2.0447 0.710 1.335 250 3.731 75.4
2,146 0.738 1.408 192.5 3.586 62.2
' 2.1525  0.754 1.398 162.5 3.333 58,5
2,197 0.760 1.437 127.5 3,227 47.9
' 2.167 0.760 1.407 90.1 3.153 36,7
669 0.250 2 1.554 0.291 1.262 614.7  4.049 165.9
1.5904  0.306 1.284 485 3.993 132.9
1.5618  0.296 1.265 570.7 4.014 155.0
1.6119 0.311 1.300 441.0 3.969 120.8
1.633 0.319 1.314  398.2  3.939 109.9
1.6505 0.328 1.322 352.5 3.892 98.7
1.709 0.356 1.353 245.5 3.745 74.01
1.769 0.371 1.392 187.8 3.602 60.19
1.778 0.377 1.401 151.4  3.485 50.9
1.810 0.380 1.430 125.4  3.258 46.6
1.878 0. 380 1,498  86.97 3.191 33.02
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TABLE la. - Continued

Run Diameter No.of C Re Re

No. (inches) Wires total Dtare Dnet Mach No. 2

680b 0,125 2 1.670 0.364 1.306 311 4,047 84,59
1.680 0,366 1.314 259.8 4.033 70,6
1.712 0.372 1.340 243 3.992 66,33
1.742 0,373 1.369 222 3.962 61.05
1.769 0.380 1.389 199 3,931 55.1
1.780 0. 386 1.436 177 3.891 49.6
1.865 0.429 1.436 123 3.764 36.5
1.913 0.466 1.447 95 3.617 30.2
2,046 0.497 1.549 73.3 3.515 24,4

, 2,131 0.479 1.652 58.5 3.402 18.7
2,063 0.433 1.630 45,7  3.233 17,22
s 609 1.000 4 1.179 0.0496 1.128 1956 3.972 535.9

1.149 0.0467 1,102 2532 4,044 686.2
1.159 0.0475 1.111 2353 4,025 637.6
1.193 0.0523 1.141 1626 3.916 450.4
1.219 0.0549 1.164 1430 3.889 400.4
1.230 0.0601 1.169 997 3.726 309.4

610B 1.000 4 1,348 0.065 1.273 332 3.352 118.5
1,382 0.067 1.315 451 3.492 152,0

611 1,000 4 1.295 0.065 1.230 736 3.670 228.2
1.320 0.067 1.253 463 3.437 159.7



TABLE la - Continued.

Run Diameter No.of C C

Re
(=]

68‘

Re

) No. (inches) Wires total Diare Diet Mach Nec. g
642 1.000 3 1,215 0.041 1.173 1433 3.876 402.7
1.212 0.046 1.165 1015 3.717 307.5
1.312 0.0486 1.263 744.6 3.650 233,06
' 1.325 0.0475 1,277 470 3.424 163.1
1.365 0.0475 1.317 340 3.305 124.0
641 1.000 3 1.144 0.0351 1.108 2574 4,026 697.5
1.155 0.0357 1.119 2373 4,019 645.2
1.174 0.0373 1.136 1997 3.919 547.2
1.183 0.0380 1.145 1815 3.952 499.1
1.224 0.0393 1,185 1806 3.913 502,0
1.243 0.0413 1.200 1453 3.879 406.8
§ 634 0.500 3 1,300 0.144 1.156 1245 4.036 337.4
1.319 0.147 1.172 1093 4,020 296.2
1,337 0.153 1.184 926 3.981 252.8
1.365 0.162 1.203 759 3.918 210.2
1.396 0.1687 1.227 680 3.884 191.0
1.516 0.1855 1.3305 476 3.768 140.4
1.485 0.198 1.2807 381 3.617 121.2
1.494 0.2015 1.293 305 3.525 101.2
1.507 0.179 1.328 253 3.382 89.3
! 1.463 0.180 1.283 160 3.271 59.2




TABLE la - Continued
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Mo MOENE M Tgus Duws e o WeRw. 59
617 0.500 4 1.349 0.192 1.156 1263 4,044 341.6
1,359 0.196 1.164 1173 4,031 317.9
1.381 0.204 1.176 975 3.987 266,2
1.411 0.216 1.195 798 3,925 221.0
1.435 0,225 1.210 706 3.898 197.0
1.486 0.247 1.238 520 3.769 153.9
1.552 0.264 1.287 370 3.643 116.6
618 0.500 4 1.556 0.260 1.296 378.5 3.626 119.6
1.577 0.269 1.308 329.5 3.501 110.2
1.602 0.239 1.363 242,5 3.365 86.1
1.667 0.240 1.427 155.5  3.262 57.7
648 0.750 3 1.203 0.0632 1.139 1895 4,025 513.5
1.214 0.0640 1.150 1766 4,014 480.3
1.236 0.06689 1.169 1458 3.968 399.5
1.245 0.0686 1.176 1343 3.942 370.6
1.267 0.07114 1.196 1197 3.914 332.1
1.2807 0.0730 1.207 1064 3.867 301.1
1.3308 0.0784  1.252 733 3.712 222.8
1.374 0.0876 1.286 562 3.636 177.0
1.3739 0.0779 1.296 484 3.348 173.3
1.363 0.0746 1.288 398 3.230 149.3
1.385 0.0734 1.311 294 3.212 111.4




TABLE la - Continued

70.

R Diapster Ne-of O i TDeare  Tnar o MR "2

652 0.750 4 1.2119 0.0818 1.130 1897 4,034 514.0
1,227 0.0853 1.142 1769 4,023 479.4
1,239 0.0892 1.149 1487 3.977 407.4
1.249 0.0916 1.157 1353 3.951 372.7
1,266 0.948 1.170 1199 3.921 332.1
1.279 0.0973 1,181 1072 3.871 302.3
1.333 0.1097 1,223 732 3.153 218.1
1.342 0.1203 1.221 436 3.521 149.7
1.385 0.1153 1.270 359 3.404 125.3
1.420 0.1126 1,308 273 3.380 96 .4
1.356 0.1154  1.240 567 3,631 179.2

627 0.375 3 1.636 0.325 1,311 376.2 3.756 112.1
1.705 0.338 1.367 289 3.605 92.5
1,772 0.3625 1.409 223 3.513 74.7
1.768 0,363 1.405 180 3.390 63.4
1.773 0.324 1.449 128 3.244 47.9
1,528 0.261 1.266 893 4,017 243.0
1.511 0.256 1.254 954 4,030 259.0
1.529 0.273 1.255 945,4 3.979 259.0
1.543 0.280 1,260 673.8 3.951 185.6
1,567 0,288 1,278 606,1 3.919 167.9
1,588 0.298 1,290 529 3.879 148.6




TABLE la - Continued

71.

Run Diameter  10.0f O ipral  Prare Oy ow Mach o 2

624  0.375 4 1.581 0.347  1.234 949 4,049 256.2
1.600 0.355  1.245 883 4,042 238.9
1.621 0.372  1.249 750 4.002 204, 8
1.642 0.381  1.261 680 3.977 186.3
1.669 0.391  1.278 605 3.940 166.9
1.705 0.400  1.304 533 3.890 149.2
1.771 0.427  1.343 384 3.735 115.2
1.755 0.455  1.300 289.8 3.611 92.44
1.808 0.496  1.313 221.2  3.550 72.5
1.876 0.499  1.369 174 3.416 60.4
1.796 0.431  1.365 124.8 3.273 46.0
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TABLE 1b. RESULTS OF DRAG BALANCE TESTS
M ~ 4 - No. 8 Nozzle
e bivee Diotal  Trare  Pner | Wehlo. 2
677 0.250 4 1.843 0.614 1.229 610 4,066 . 165
1.864 0.616 1.248 546 4.028 148
1.890 0.622 1.268 469 3.950 128.9
1,891 0.626 1.265 435 3.928 120.5
1.948 0.634 1.314 389.5 3.896 108.7
1.937 0.640 1.297 362 3.857 99.9
1.976 0.648 1.328 326 3.841 93.2
1.988 0.654 1.334 299.6 3.800 87.2
668 0.250 2 1.541 0.308 1.233 631 4,006 173
1.538 0.308 1.230 563 3.960 154
1.586 0.310 1.276 486 3.917 134.9
1,616 0.314 1.302 451 3.874 127
1.615 0.314 1.301 417.2 3.808 120.9
1.677 0.319 1.298 366.5 3.797 106.62
1.647 0.323 1.324 336.5 3.839 96.0
1.652 0.326 1.326 309.6 3.765 91.6
637 1.000 3 1.164 0.0376 1.126 2665 4,068 716.9
1.194 0.038 1.155 2138 4.014 581.5
1.192 0.0375 1.154 1673 3.929 463.4
1.198 0.0365 1.162 1513 3.886 424.4
1.206 0.0360 1.1707 1360 3.855 386.2
1.240 0.0342 1.2063 1199 3.816 345.3

-




TABLE 1b - Continued

Run Diameter No.of C

c

Re

73.

Re

No. (inches) Wires total Diare Dnet % Hach Ho. 2
637 1 3 1.243 0.0320 1.211 1034 3.742 310.2
(Continued) -
1.174 0.038 1.136 2293 4.036 621.4
601 1 4 1.138 0.0509 1.087 2670 4,053 720.9
1.148 0.0507 1.097 2308 4,019 626.6
1.161 0.0489 1.112 1997 3.969 547 .6
1,178 0.0490 1.129 1759 3.945 485.5
1.213 0.046 1.167 1354 3.866 381.8
1,230 0.042 1.188 1028 3.730 309.4
1.206 0.0409 1.165 1287 3.670 399.0
602 1 4 1.243 0.040 1.203 1024 3.736 307.7
1.232 0.045 1.187 1196 3.798 352.8
1.212 0.047 1.165 1341 3.841 382.2
1.200 0.0483 1.152 1517 3.889 424.8
1.186 0.0485 1.137 1686 3.921 467.0
1.171 0.0490 1.122 1825 3.950 502.8
1.167 0.049 1,118 1980 3.977 542.5
1.155 0.049 1.106 2120 3.994 578.7
638 1 3 1.173 0.0376 1.134 2675 4,061 719.6
1.193 0.0380 1.154 2310 4,014 628.3
1.189 0.0390 1.150 2141 4,011 582.4
1,203 0.039 1.164 2004 3.996 547.1
1.217 0.0384 1.178 1832 3.967 502.9




TABLE 1b - Continued

Run Diameter

No.of C

Re
00

74,

Re

No. (inches) Wires total tare Dnet Mach No. 2

647 0.750 3 1,192 0.0677 1l.124 1937 4,067 521.0
1.196 0.0677 1.127 1935 4,073 520.5
1,208 0.0671 1.141 1690 4,029 458.0
1,227 0.0671 1.159 1558 4,013 423.8
1.236 0.0675 1.167 1461 3.993 398.9
1.252 0.067 1.185 1348 3.977 369.4
1.253 0.066 1.187 1243 3.896 346.8
1.261 0.067 1.193 1133 3.899 316.1
1.299 0.065 1.234 981 3.873 276.6
1.291 0.063 1.228 903 3.828 259.2

651 0.750 4 1.208 0.0903 1.118 1933 4,084 519.9
1.219 0.0895 1.130 1695 4,034 459.3
1.227 0.0892 1,137 1585 4,002 431.3
1.241 0.0900 1.1507 1458 3.958 396.6
1,250 0.0900 1.162 1363 3.974 373.5
1.266 0.0890 1.177 1246 3.920 345.1
1.276 0.0890 1.186 1156 3.892 323.7
1.305 0.0870 1.218 1032 3.841 294.6
1.321 0.0850 1.236 929 3.799 270.3




TABLE 1b - Continued

Run Diameter No.of C C

Re, Mach No.

75.

Re

No. (inches) Wires total Dtare Dnet 2
633 0.500 3 1.290 0,150 1,140 1326 4,069 358
1,314 0.153 1.160 1127 4,027 305
1,325 0.156 1.168 1050 4,014 287
1.331 0.156 1.175 999 3.992 272
1.343 0.156 1.187 902 3.957 248
1.356 0.157 1,198 839 3.931 232.4
1.372 0.158 1.213 757 3.897 211.6
1,388 0.156 1,232 669 3.854 190.0
1.408 0.156 1.252 508 3.820 168.7
615 0.500 4 1.427 0.211 1.216 770 3.897 214.8
1.454 0.209 1.245 677 3.843 193.3
, 1,443 0.196 1.247 608 3.782 181.8
1.427 0.210 1.217 756 3.932 208.6
1.398 0.209 1.189 812 3.960 223.3
616 0. 500 4 1.407 0.210 1,197 909 3.966 249.8
1.392 0.209 1.191 1011 3.997 276
1.383 0.208 1.175 1066 4.018 289.4
1.346 0.200 1,146 1352 4,066 363.7
1.373 0.204 1.169 1138 4,027 308.4
628 0.375 3 1.503 0.273 1.230 967 4.079 261
1.527 0.276 1.251 858 4,041 232.5
1,538 0.278 1.260 806 4.014 219.2
1.536 0.282 1.254 749.6 3.997 204.4



TABLE 1b - Continued

76.

gz? 21i:§2:; 32;22 X total CDtare CDnet o Mach No. 2
629 0.375 3 1,512 0.282 1.230 750 3.995 204.7
1.524 0.285 1.239 689 3.968 188.7
1.538 0.2846 1.253 622 3.932 172.3
1.561 0.289 1.272 577 3.903 160.9
1.565 0.289 1.276 507 3.857 143.5
1,597 0.270 1.327 445 3.796 129.9
623 0.375 4 1.577 0.363 1.214 963.7 4.078 259
1.598 0.369 1.229 858.7 4.040 232.7
1.607 0.371 1.235 805.1 4.015 219.0
1.618 0.377 1,240 754.9  3.998 206.1
1.637 0.381 1.256 690 3.967 189.0
1.645 0.3795 1.265 636 3.921 176.1
1.653 0.386 1.266 583 3.894 163.2
1.674 0.386 1.2889 508.9  3.850 145.0
1.658 0.361 1.297 450.4  3.775 133.9
680 0.125 2 1.684 0.376 1,308 322 4,090 93.0
1.681 0.377 1.304 285 4,033 77.52
1.738 0.388 1.351 245 3.991 66.88
1.758 0.396 1.362 225 3.973 61.65
1.753 0.399 1.354 197.3 3.939 54,45
1.761 0.401 1.360 167.1  3.89% 46,69
1.839 0.410 1.429 164.2 3,866 46 .4
1.848 0.402 1.446 148 3.813 42,77
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TABLE lc - RESULTS OF DRAG BALANCE TESTS
M~ 2 - No. 6 Nozzle
t}};n ]z:t:?;::; 31’:22 ¢ total CDtare CDnet e Mach No. "
678 0.250 4 1.845 0.437 1.408 190 2.173 113.0
2.016 0.507 1,509 156 2.141 94.8
2.057 0.569 1.488 131.9 2,092 81.8
2,157 0.618 1.539 114.4 2,064 71.6
2,295 0.727 1,568 84,07 2,021 53.6
2,364 0.789 1.575 64,5 1.945 42,4
2,413 0.789 1.624 64.5 1.619 47,7
670 0.250 2 1.729 0.218 1.511 192 2,180 114.2
1.784 0.254 1.530 156 2,160 93.9
1.804 0.286 1,518 131 2.110 70.1
1.854 0. 309 1,545 114 2,080 71.0
1,889 0. 304 1.525 84 2.018 53.76
1.979 0.407 1.572 64.8 1,958 42,2
679 0.125 2 2,782 0.561 2,221 21,05 1.641 15.5
2,623 0.568 2.055 21.4 1,697 15.4
2.027 0.459 1.568 94.4 2.176 56.4
2.095 0.468 1.627 79.1 2,141 48,0
2,172 0.469 1.703 65.83 2.089 40.82
2.252 0.481 1.771 56.75 2,071 35.44
2,322 0.489 1.833 43.15 1,986 27.9
2.39% 0.512 1.882 33.95 1,885 22.8




TABLE lc ~ Continued

Run Diameter

No.of C

Re

78.

Re

No. (inches) |Wires D D s IMach No. 2
679 0.125 2 2.393 0.550 1.843 28.05 1.896 18.8
(Continued)
2,357 0.567 1.790 24,8 1,866 16.8
2.579 0.583 1.946 21.1  1.76¢ 14.8
625 0.375 4 1.603 0.429 1.174  295.8 2,183 176.9
1.706 0.464 1.242 238.5 2,160 143,6
1.777 0.479 1.298 199.1 2.125 121.8
1.825 0.488 1.337 179.1 2.108 110.1
1,987 0.492 1.495 130.3 1.996 83.9
2.127 0.514 1.613 99.9 1.912 66.5
2.187 0.532 1.655 76.9 1.772 54.0
2.214 0.566 1.647 59.4 1.672 43,1
2.014 0.495 1.519 128.8 1.966 84.0
626 0.375 3 1.781 0.359 1.422 200 2.115 122.8
1.795 0.366 1.429 181 2.082 112.6
1.980 0.386 1.594 100.4 1,911 66.9
2,037 0.400 1.637 75.4  1.804 52.32
2,103 0.421 1.681 59.6 1.699 42,9
1.904 0.368 1.536 127.0 1.997 81.8
1.609 0,322 1.287 294 2.179 175.8
1.718 0.347 1.370 239 2,154 144.3
614 0.500 4 1,311 0.246 1.073  394.7 2.179 235.6
1.376 0.282 1.093 314.2 2.150 189.8
1.433 0.270 1.162 260.4 2,112 156.5




TABLE lc - Continued

Run Diameter

No.of C

c

Re

79,

Re

No. (inches) Wires total Dtare Dnet < Mach No, 2
614 0.500 4 1,461 0.276 1,184 241.7 2,099 147.0
(Continued)
1.584 0.290 1.273 170.0 2.014 110
1.676 0.303 1.373 131.2 1,926 86.8
1,719 0.324 1.395 98.4 1.830 67.7
1,777 0.331 1.440 83.60 1.752 58,2
635 0.500 3 1,331 0.185 1.147 394 2,179 235
1,395 0.212 1,183 317.8 2.155 191.9
1,456 0.210 1.247 259.9 2,122 159.0
1.476 0.207 1.269 2442 2.097 i5152
1.585 0.217 1.368 171.4 2,008 110.0
1.650 0.227 1,423 130.98 1.926 86,8
1,731 0.243 1,488 99.82 1.835 68.5
1.753 0.248 1.505 85.06 1.726 60.7
649 0.750 3 1.1974 0.0815 1.115 586 2,181 349,3
1.244 0.086 1,158 474 2,148 286.8
1,288 0.088 1.200 398 2.124 243.6
1.342 0.091 1.251 340.7 2.102 210.0
1.432 0.104 1,328 258.4 2,016 165.4
1,489 0.116 1.377 204.9 1.863 139.3
1,502 0.115 1,386 158.6 1.697 114,2
1,555 0.116 1.440 127.05 1.628 93.7
650 0.750 4 1.507 0.155 1.351 120.7 1.726 86,2
1,460 0.154 1,306 153 1.827 105.3
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TABLE lc - Continued

Elm ?iﬁ?ﬁz‘:; SZ::: CDtotal CDt:are CDnet e Mach No. 2
650 0.750 4 1,398 0.154 1.244 200,9 1,945 ~ 132,2
(Continued)
1,157 0.109 1.049 589.4 2,181 352.2
1,199 0.115 1,085 478.4 2,154 289.0
1.247 0.118 1,129 401.4 2,124 245,7
1,283 0,121 1.161 347.25 2,090 215.4
1,360 0.139 1.221 259.6 2,018 165.9
636 1 3 1.167 0.0460 1,120 770 2,175 460.5
1,2137 0.0487 1,165 626 2,149 378.1
1.263 0.0505 1.213 520 2,119 318,2
1,298 0.0515 1,246 480.5 2,105 296.5
1,362 0.0571 1.305 336.4 2.015 215.2
1.393 0.0610 1,332 263.5 1.916 175.5
1.454 0.0650 1.388 154.6 1.822 134.3
1.456 0.0655 1.391 169.7 1.746 120.1
613 1 4 1,139 0.0608 1,078 783.2 2.176 468,.2
1,1479 0.0618 1.086 775.7 2,173 463.9
1.1969 0.G650 1.1317 629.2 2.147 379.9
1,245 0.0675 1.178 516.9 2.109 317.9
1.268 0.0685 1.200 479.7 2,106 295.9
1,362 0.0760 1.286 335.1 2.023 213.8
1,393 0.0809 1.312 260.1 1.926 172.6
1,438 0.0871 1.350 195.8 1.803 136.0
1.462 0.0876 1.374 167.5 1,728 119.6




TABLE 1d - RESULTS OF DRAG BALANCE TESTS

81.

M ~ 6 - No. 9 Nozzle
i

Il\?g? ?i:ﬁ::; 33;22 £ total CDt:are Dt Re, MachNo. Re,

670  0.250 2 1.383 0.238 1,145 2564 6,030 371
1.4115 0.247 1.104 2174 6,001 315
1.428 0.254 1.174 1969 5.982 287.4
1.369 0.260 1.109 1790 5.953 263
1.458 0.264 1.194 1641 5.933 242
1.471 0.273 1.198 1406 5.895 209
1,508 0.291 1.217 990 5.728 153.4
1.546 0.302 1.244 762 5.562 123.0

677b  0.250 4 1.627 0.477 1.150 2521 6.039 365.5
1.666 0.496 1.170 2161 6.016 313.3
1.689 0.511 1.178 1933 5.992 280
1.709 0.528 1.181 1759 5.978 257
1.733 0.537 1.196 1541 5.950 226.6
1,750 0.549 1.201 1364 5.928 201.2
1.787 0.572 1.200 1109 5.874 165.2
1.815 0.587 1.228 932 5.798 142.1
1.843 0.606 1.237 732 5.633 115.07

681 0.125 2 1.479 0.288 1.191 1291 5.864 193.65
1.485 0.290 1.195 1158 5.817 176.0
1.497 0,287 1.210 1064 5.792 161.7
1.513 0.298 1.215 967 5.757 147.9
1.529 0.303 1.226 868.6 5.720 133.67




TABLE 1d - Continued

82.

I%Lm 1212‘:;21;:7)5 Sirgg k total CDta\re CDnet Re,, Mach No. Re,y
681 0.125 2 1.547 0.311 1.236 769.5 5.687 120,81
(Continued)
1.600 0.324 1.276 616.9 5,607 97.5
1.609 0.333 1.276 529 5.553 84,6
1.643 0.349 1.294 424 5.498 67.8
622 0.375 4 1.393 0.312 1.081 4162 5,876 624.3
1.401 0.313 1.088 3584 5,817 54i.2
1.420 0.315 1.104 3266 5.780 496.4
1.436 0.320 1.116 2998 5.756 458.,7
1.450 0.322 1.128 2661 5.712 409.7
1.474 0.341 1.133 2345 5,675 365.8
1.508 0.339 1.169 1930 5.600 304.9
1.520 0.344 1.176 1654 5.549 264,6
1.575 0.367 1.208 1313 5.500 210.08
630 0.375 3 1.378 0.243 1.136 2950 5.779 448.4
1.39 0.244 1.150 2628 5.724 404.7
1.397 0.248 1.149 2314 5.679 361.0
1.423 0.257 1.165 1909 5.613 301.6
1.447 0.248 1.198 1643 5.562 261,2
1.467 0.270 1.197 1305 5,480 210.1
1.341 0.239 1.102 4082 5.908 604.,1
1.356 0.241 1.116 3540 5.853 531.0
1.363 0.242 1.121 3221 5.813 489.6




TABLE 1d - Continued

Run Diameter

No.of C

c

83.

No. (inches) Wires total Dtare Dnet Re, Mach e ReZ
653 0,750 4 1.111 0.0686 1.042 8047 5.910 1190.9
1.118 0.0688 1.049 6886 5.852 1032.9
1,122 0.0691 1.053 6414 5.821 968.5
1.126 0.0697 1.056 5854 5.781 889.8
1,133 0.0696 1.063 5153 5.728 793.6
1.147 0.0737 1.073 3774 5.600 596.3
1.160 0.0745 1.086 3230 5.552 516.8
1.176  0.0803 1,095 2609  5.491 422.6
1.1386 0.0709 1.067 4613 5.690 715.0
1.159 0.0737 1.085 3787 5.615 594.6
646 0.750 3 1.110 0.0516 1.058 8143 5.908 1205.2
1.1175 0.0518 1.065 7020 5.847 1053.0
1.1213 0.0521 1,068 6453 5.817 980.8
1.128 0.0524 1.075 5944 5.783 903.5
1.133 0.0523 1.079 5254 5.721 809.1
1.140 0.0533 1.086 4692 5.683 727.3
1.175 0.0569 1,119 3226 5.558 512.9
1.157 0.0554 1,101 3530 5.598 557.7
1,195 0.0604 1.134 2661 5.504 425.8
640 1.000 3 1,068 0.0292 1.039 11192 5.921 1656.4
1.076 0.0293 1.047 9324 5.858 1398.6
1.085 0.0294 1.056 8528 5.827 1287.7
1.090 0.0294 1.060 7855 5.789 1194.9




TABLE 1d - Continued

84.

S:? 3i§2:::; 33;22 X total CDtare CDnet R Mach No.  "°2
640 1.000 3 1.094 0.0300 1.064 7095 5.744 1085.5
(Continued)
1,097 0.0300 1,068 6284 5.696 974.0
1.111 0.0293 1.082 5134 5.616 811.1
1.113 0.0307 1,083 4366 5.557 694,2
1,151 0.0315 1,119 3465 5.499 557.9
608 1.000 4 1,1338 0.0410 1,092 4208 5.573 669.1
1.092 0.0393 1.052 8421 5.834 1271.6
1,087 0.0390 1,047 10661 5,932 1577.8
1.092 0.0390 1.052 5074 5.580 801.7
. 1,189 0.0420 1.147 3451 5.471 552.2
1,117 10,040 1.077 6105 5.471 940,2
’ 1.097 0.0392 1.056 7540 5,783 1146.0
1.107 0.0400 1,067 6888 5.755 1053.9
632 0.500 3 1.194 0.115 1.079 5499 5.912 813.8
1.206 0.115 1.091 4716 5.848 707.4
1.2116 0.1155 1,095 4325 5,814 657 .4
1,220 C.116 1.103 3959 5.770 601,7
1,233 0.117 1.116 3540 5.729 545,2
1.242 0,120 1.122 3137 5,675 489.4
1.260 0.123 1.137 2553 5.604 403.4
1,288 0.126 1.162 2131 5,545 341.0
1,301 0.131 1.170 1762 5.483 285.0



TABLE 1d - Continued

85.

Run Diameter No.of C CD CD Re Re

No. (inches) Wires total tare net @ Mach No., 2

619 0.500 4 1.219 0.153 1.066 5569 5.887 829.8
1,228 0.154 1.073 4798 5.823 724.5
1.234 0,154 1.080 3811 5.788 579.3
1.246 0.155 1.091 4037 5.757 617.7
1.256 0.156 1,100 3587 5.712 553,0
1.267 0.1606 1.106 3182 5.666 496.4
1.295 0.164 1,131 2600 5.608 410.8
1.307 0.168 1.138 2172.5 5.540 347.5
1.328 0.175 1.153 1766.5 5.486 286.1
1.212 0.153 1.058 5572 5.887 830.2
1.244 0.154 1.090 4035 5,753 617.4




86.

TABLE 2 - TABULATED VALUES OF TIME, DISTANCE,
AND VELOCITY (MOVING MODEL TESTS)

All tables are given in the following order:

Time Distance Velocity
(CAt) Sref B Smod d(sref 3 Smod)
(Inches) c(CAt)




RUN No. 2-2-A
0.1000E 01 0+1600E-01
0.,7990E 01 C.2330E-01
0,1498E G2 063060E-01
0.2197F 02 0.3870E-01
0,3293E 02 0.5250E-01
Ue3990E 02 0,6290E-01
0.,4686E 02 0,7220E-01
0.5481F 02 0.8450E~01
0.6176E 02 039610E‘01

Je6870E 02
0.7662E 02

0.,8355E 02 041345E-00
0,9C45E 02 0,1483E~00
0.,9738E 02 0+1623E-00
0.1053E 03 0,1788E-00
0.,1122E 03 0.1944E-00
D,1191E 03 0,21C0E-00C
0.1269E 03 0.2285E-00
RUN _No, 2-2-C
0.1498E 02 0N+3200E-02
0,2197E 02 0,8600E~02
0,3293E 02 0,1910E-01
063990E 02 0,2550E-01
0.“686E 02 0.3320E‘01
0.5“81E 02 0.“220E‘01
Us6176E 02 0.5080E-01
0e6870FE 02 0,5980E-01
0.7662E 02 0.7080E-01
0.8355E 02 ($.8020E-01
0.9045E 02 0,9120E=01
0.,9738F 02 0.1017E-00
0.1191E 03 0.1383E=-00
0.1269F 03 0,1531E-00
0.,1338E 03 0.1686E-00
0.,1407E 03 0,1812E=~00
0,1486E 03 0.,1967E-00
0.1554E 03 0.2137E-00
0.1623E 03 0.2270E-00

0,1076E=-00
Co1224E~00

0+9559E-03
Cs1037E-02
0,1118E~02
Cel1198E-02
0.1327E-02
0,1417E-02
0+ 149TE-02
0. 1598E-02
0e1669E-02
0o 1744E~02
0.1830E~02
0.1902E-02
0,1987E~02
0.2065E-02
0e2165E=-02
0,2241E-02
0.2316E-02
0.2402E-02

0e7792E-03

C.8506E-03
0.,9626F-03
0.1034E-02
0.1107E-02
0.1188E-02
0.1257E-02
0.1328E-02
O.1404E-02
0s1465E-02
0.1527E-02
0.1592E-02
0,1686E-02
0.,1849E-02
0.1912E-02
0.2008E-02
0,2063E-02
0.2109E-02
0.21459E-02
042189E-02

Co1u86E 03

Ce1554E 03

RUN No. 2-2-B

0.1000E 01 063400E-02
0.7990E 01 1,0000E-02
0,1498F 02 0,1690E=01
0,2197E 02 0,2390F-01
0.3293€E 02 0,3600E-01
0.3990F 02 0,4420E-01
C.4686E 02 0,5310E-01
0.5481E 02 0.6300E-01
0,61T6E 02 0.7320E-01
0.6870E 02 0.8320E~-01
0.7662E 02 039520E‘01
0.8355E 02 0.1047E-00
0.9045E 02 0,1167E-00
0.9738E 02 0.1281E-00
0.,105%E 03 0,1416E-00
0,1122E 03 0,1536E-00
0+1191E 03 0,1660E-00
0.,1269E 03 0,1802E-00
0,1338E 03 0.1968E-00

0,2147E-00
0.,2411E-00

87.

0+8B65E~03
0.9449E-03
0,1003F-02
0.1062E=-02
0.1147E-02
041215E-902
0.1282E-02
0.1356E-02
0.1399€-02
0. 1457E-02
0.1523E-02
0.1570E-02
0.,1623E-02
Ce1676E-02
0.1734E-02
0s1817E~-02
0.,1776F-02
0.1855E-02
0.1916E-02
0,2046E-02
0.2107E-02




0.1000E
t 0.1200E
0.2994E
0.3690F
0.4788E
0,5876L
0.6967E
0.8055E
0.9141E
0.9836E
0.1091E
0.1160E
0.1269E
0.1376E
0.1484E
0.1563E
0.1607E

0.6907E
0.8055E
0.9141E
0.9836E
0.1091E
0.1161E
0.1269E
0.1376E
0.1484E
0.1563E
0.1670E
0.1778E
0.1856E
0.1964E
0.2031E
0.2108E
0.2215E
0.2322E
0.2467E
0.2573E
0.2727E

RUN No. 2-3-4

01  0.9750E 00
02  0.9810E 00
02  0.9926E 00
02  0.998GE 00
02 0.1001E Ol
02  0.1019E 01
02 0.1030C 01
02 0.1042E 01
02  0.1056E Ol
02  0.1065E 01
03  0.1079E 01
03  0.1089E 01
03 0.1105E 01
03 0,1122E Ol
03  0.1139E 01
03 0.1153C 01
03 0.1172E 01
RUN No. 2-3-C

02  0.9642E 00
02 0.9672E 00
02 0.9711E 00
02  0.9735E 00
03  0.9781E 00
03  0.9814E 00
03  0.9868E 00
03  0.9923E 00
03  0.9986E 00
03  0.1004E 01
03 0.1011F 01
03  0.1019E 01
03  0.1025E Ol
03  0.1033E 01
03  0.1039E 01
03  0.1046E 01
03  0.1056E 01
03  0.1066E 01
03 0.108l1E 01
03  0.1092E 01
03 0.1109E 01

0.3157E-03
0.4857E-03
0.7144E-03
0.8045E-03
0.9202E-03
0.1027E-02
0.1147E-02
0.1240E-02
0.1264E-02
0.1314E-02
0.1388E-02
0.1436E-02
0.1512E-02
0.1595E-02
0.1677E-02
0.1740E-02
0.1823E-02

0.2603E-03
0.3113E-03
0.3629E-03
0.3956E-03
0.4409E-03
0.4685E-03
0.5187E-03
0.5605E-03
0.6076E-03
0.6486E-03
0.6877E-03
0.7436E-03
0.7805E-03
0.8345E-03
0.8598E-03
0.8922E-03
0.9451E-03
0.9872g-03
0.1039E-02
0.1076E-02
0.1132E-02

RUN No. 2-3-B
0.2994E 02 0.9814E
0.3690E 02 0.9831E
0.4788E 02 0.9856E
0.5876E 02 0.9889E
0.6967E 02 0.9921E
0.8055E 02 0.9954E
0.9141E 02 0.1000E
0.9836E 02 0.1002E
0.1091E 03 0.100GE
0.1160E 03 0.1009E
0.1269E 03 0.1014E
0.1376E 03 0.1019E
0.1484E 03 0.1025E
0.1563E 03 0.1029E
0.1670E 03 0,1035E
0.1798E 03 0.1041E
0.1855E 03 0.10406E
0.1964E 03 0.1053E
0.2031E 03 0.1057E
0.2108E 03 0.1062E
0.2215E 03 0.1070E

0ou
00
00
00
00

01
01
01
01
01
01
01
01
01
01
01
01
01
01
01

0.2083E-03
0,2286E-03
0.2603E-03
0.2922E-03
0.3192E-03
0.3450E-03
0.3707E-03
0.3900E-03
0.4124E-03
0,4233E-03
0.4602E-03
0.4894E-03

0.5195E-03

0.5425E-03

0.5764E=-03

0.5983E-03

0.6096E-03

0.6431E-03

0.6597E-03
0.6793E-03
0.7057E-03

88.



0.9999E
0.7992E
0.1497E
0.2294E
0.2990E
i 0.3685E
0.4378E
0.5071E
0.586G1E
0.6550E
0.7241E
0.7929E
0.8713E
0.9399E
0.1008E
0.1086E
0.1154E
0.1222E
0.1300E
0.1368E
0.1436E
0.1513E
0.1619E
0.1725E
0.1830E
0.1936E

0.9999E
0.7992E
G.1497E
0.2294E
0.2990E
0.3685E
0.4378E
0.5071E
0.5861E
0.6550E
0.7241E
0.7929L
0.8713E
0.9390E
0.1008E
0.1086E
0.1154E
0.1222E
0.1300E
0.136G8E
0.1436E
0.1513E
0.1619E
0.1725E
0.1830E
0.1936E

0l 0.9950E 00
0l 0.9987E 00
02 0,.1002E 01
02 0.1007E 01
02 0.1012E 01
02 0.1017E O1
02 0,1021E 01
02 0.1026E 01
02 0.1033E 01
02 0.1040E 01
02 0.1045E 01
02 0.1051E 01
02 0.1059E 01
02 0,1066E 01
03 0.1073E 01
03 0.1081E 01
03 0.1089E 01
03 0,1097E 01
03 0.1106E 01
03 0.1114E 01
03 0.1123E 01
03 0.,1133E 01
03 0.1147E 01
03 0.1165E 01
03 0.1178E 01
03 0.1194E 01

RUN No. 2-4-C
0l 0.9873E 00
0l 0.9899E 00
02 0.9925E 00
02 0.9958E 00
02 0.9991E 00
02 0.1003E 01
02 0.1006E 01
02 0.1010E 01
02 0.1015E 01
02 0.1019E 01
02 0.1023E 01
02 0.1028E 01
02 0.1034E 01
02 0.1039E 01
03 0.1044E 01
03 0.1050E 01
03 0.1056E 01
03 0.1062E 01
03 0.1069E 01
03 0.1075E 01
03 0.1082E 01
03 0.1089E 01
03 0.1101E 01
03 0.1112E 01
03 0.1123E 01
03 0.1136E 01

0.5094E-03
0.5443E-03
0.5796E-03
0.6186E-03
0.6552E-03
0.6981E-03
0.7470E-03
0.7843E-03
0.8256E-03
0.8719E-03
0.9041E-03
0.9351E-03
0.9756E-03
0.1029E-02
0.1054E-02
0.1085E-02
0.1119E-02
0.1157E-02
0.1202E-02
0.1237E-02
0.1304E-02
0.1353E-02
0.1401E-02
0.1429E-02
0.1454E-02
0.1479E-02

0.3447E-03
0.3761E-03
0.4076E-03
0.4437E-03
0.4750E-03
0.5182E-03
0.4930E-03
0.5681E-03
0.5979E~-03
0.6409E-03
0.6672E-03
0.6952E-03
0.7287E-03
0.7605E-03
0.7866E-03
0.8116E-03
0.8479E-03
0.8832E-03
0.9145E-03
0.9568E-03
0.9871E-03
0.1021E-02
0.1052E-02
0.1084E-02
0.1117E-02
0.1141E-02

LY

0.9999E
0.7992E
0.1497E
0.2294E
0.2990E

-0, 3685E

0.4378E
0.5071E
0,5861E
0.6550E
0.7241E
0.7929E
0.8713E
0.9399E
0.1008E
0.1086E
0.1154E
0.1222E
0.1300E
0.1368E
0.1436E
0.1513E
0.1619E
0.1725E
0.1830E
0.1936E

RUN No. 2-4-B

0.9910E
.9943E
.9971E
. 1000E
. 1005E
. 1009E
.1013E
.1018E
0.1023E
0.1G29E
0.1034E
0.1039E
0.1046E
0.1052E
0.1058E
0.1066E
0.1072E
0.1079E
0.1087E
0.1095E
0.1103E
0.1111E
0.1124E
0.1138E
0.1152E
0.1166E

[eNeoNoNoNeNoNe]

00
00
00
01
01
01
01
01
01
01
01
01
01
0l
0l
01
01
01
01
01
01
01
01
01
01
01

89.

0.3687E-03
0.4183E-03
0.4¢79E-03
0.5249E-03
0.5654E-03
0.6127E-03
0.6559E-03
0.6714E-03
0.7119E-03
0.7494E-03
0.7818E-03
0.8190E-03
0.3637E-03
0.9026E-03
0.9329E-03
0.9663E-03
0.9904E-03
0.1033E-02
0.1073E£-02
0.1108E-02
0.1147E-02
0.1187E-02
0,1233E-02
0.1279E-02
0.1325E-02
0.1370E-02



RUN No. 2-5-A

0.1000E 01 0.9816E 00
0.7990E 01 0.9845E 00
0,1498E 02 0,9873E 00
0.2593E 02 0.9928E 00
0.3289E 02 0.9964E 00
0.3984E 02 O0.1000E 01
0.4678E 02 041004E 01
0.,5371E 02 041008E 01
0.,6063E 02 041013E 01
0.6754E 02 0.1017E O1
0.7838E 02 0.,1025E 01
0.8519E 02 0,1033E 01
0.9606E 02 041039E 01
0.1039E 03 0.1046E 01
0.,1107€ 03 0,1051€ 01
C.1176E 03 0,1058E 01
0.1244E 03 041064E 01
0.1322E 03 0.1071E O1
0,1497E 03 04,1089%9E 01
0+1565E 03 06.1097E 01
0.,1642E 03 0.1106E 01
0.1710E 03 0.1113E 01
Cs1777E 03 0,1121E 01
0,1854E 03 0,1131E V1
0.1922E 03 0.1138E 01

RUN No. 2-5-C

0.1000E 01 0.9744E 00
Ue79%0E 01 0.9766E 00
0e1498E 02 (e9790E 00
042593E 02 049835E 00
043289E C2 0,9866E 00
NDe3984E 02 0.9898E 00
D44678E 02 0,9923E 00
0e45371E 02 049965E 00
Ds6063E 02 041001E 01
00675‘0E 02 OQIOU‘OE 01
Je7838E 02 O041011E 01
0.8919E 02 041019E 01
0+9606E 02 041024E 01
Ve1039E 03 0.1029E 01
041107E 03 041034E 01
0s41176E 03 041040E 01
0e41322E 03 0.1052E 01
041497E 03 0.1068E 01
0.1565E 03 0,1075E 01
O0e1642E 03 0,1083EFE 01
0s41710E 03 041090E 01
041777€ 03 041097E 01
Cel854F 03 0,1106FE 01
Vel922E 03 0U41113E 01

0+3992E-03

0.,4266E-03
0.45406-03
0.4970E=03
0¢5274E-03
0.5605E-03
0.5888E-03
0.6216E-03
0.6591E-03
0.6927E-03
0.7450E-03
0.7921E-03
0.8245E-03
0.8533E~03
0.8824E-03
0,9127€-03
0e9406E~03
0.9848E-013
0.1065€E-02
0.1099E-02
0.1153E-02
0.1168E-02
0.1188E-02
0.1211E-02
0.1232E-02

0e3416E-03

043597E~03
0.3779E-03
0.4062E-03
0.4376E-03
0.4740E-03
0.5018F=-03
0e5349E-03
0.5735€E-03
0.6170E-013
0¢6497E-03
0.6508E-03
0+7199E-03
0.7533E-03
0.7802E-03
0.8124E-03
0.8846E-03
0.9588E-03
0,9885E£-013
0,1040F=02
0+1056E-02
0.1083€-02
0.1114E-02
0.1141E-02

2-5-B

RUN No.

0,1000E 01
0.7990E
0.1498E
0,2593E
0.3289E
0.3984E
0,4678E
0.5371E
046063E
0,6754E
0.7838E
0.8919E
0.9606E
0,1039E
041107E
0.1176E
Oe1244E
041322E
0e1497E
0e1565E
0.1642E
0,1710€
0,1777€
De1854E
Ye1922E

RUN No.

0.100CE 01

047990E
0.1498E
042593E
0.,328%E
Cetb78E
0e5371E
0+6063E
Je6754E
0.7838E
NeB91GE
0.9606¢
0+1035E
041107E
0.1176E
Oe1244E
0e1322E
Uel497E
Oe1565E
Del642E
Cel710E
0s1777E
0e1854E
Ce1922E

01
02
02
02
02
02
02
02z
02
N2
02
03
03
03
03
03
03
03
03
03
03
53
03

90.

0097735 00 0e3639E-03

0.9797E
0.9829E
0.9875E
0.9906E
0.9942E
0.9978E
0.1001E
0.1006E
0,1010E
0,1017E
041025E
0.1030E
041036E
0.1041E
0.1047E
0.1053E
Us1060E
041077E
0.1083E
0.1092E
0.1098E
0.1106E
O0e1116E
0,1122E

2-5-E

069722E GO

0.9733F
0eS747TE
0+9768E
0e9784E
0.%9807E
0.9833L
0985 2E
0e9874E
Je9911E
0e9949E
0e9975E
0.1001F
Ce10013E
0.1006E
0+1009E
Ue1013E
0.1022E
Je1026E
0+1030E
Je1034E
0.1038E
0e1043E
041047E

00
Q0
00
00
00
00
01

00
00
00

0.3897€~-03
0.4154E-03
0.4558E~03
0.4808E-03
0.5064E-03
0.5697€E-03
0.6006E~03
0.6362E~03
0.7267€E-03
0e7543E~03
0.7836E-03
0,8097€E-03
0.8391E-03
0.8762E-03
069164E-03
0.9882E-03
0.1010E-02
0.1069E~02
0,1080E=02
0.1106E~02
0e1135E=02
0.,1160E-02

0e1625€~03
Oe1734E~03
0e1844E-03
0.2015E-03
0e2167E-03
0.2%68F~03
0.2791E-03
0+2985E-03
0e3312E-03
0e3451E-03
O+ 3664E-03
0e3793E-0N3
0.3991F=-013
0.4188E-013
0e4395E-013
0.,4614E-03
0.4894E-03
0+5303E-03
0.5538E-03
0.5819E-013
005875E‘03
0.6014E-03
0.6172E-03
0.6310€£-03




0,.1000E 01
0.,9000E Q1
0.,1994E 02
0.3490E 02
0.4680E C2
045773E 02
0.6567E 02
047654E 02
Oe8443E 02
0.9626E 02
0.1071E 03
Os.1149E 03
0.1257E 03
0.1372E 03
0.1490E 03
0.1626E 03
Oe1742E 03
0.1820E 03
0.1926E 03
042004 03
J.2119E 03

RUN No. 2-6-A

0.1780E-01
0+2010E~01
0s2420E-01
043040E~01
Ce3560E-01
0s4130E-01
0s4550E-01
Ge5200E-01
Le5650E-C1
0.6390€-01
0e6940E~01
0s7700E=01
0.8540E-01
0+49570E-01
0e1050E=00
0.1179E-00
Cal1239E-00
0413C6E-CO
Cel&74E-CO
041552E-00
0.1679E£-00

RUN No. 2-6-C

0.3490E 02
0.4680E 02
0.5773E 02
0.6567E 02
0.7654E 02
0.84473E 02
0.9626F 02
0.1071E 03
0e1149E 03
0.1257€ 03
0s1372E 03
0s1490E 03
0.1626E 03
0s.1742E 03
0.1820E 03
0.1926E 03
0.2004E 03
0.2119E 03
0.2197E 03
0+2274E 03

03200E-01
0+3670E-01
0.4240E-01
0.4640E-01
04530CE=-01
0.5790E-01
0.6600E-01
0e.7240E-01
0.8050E-01
0.8910E-01
0s1003E-00
0.1114E-00
Uel1265E-00
0.1391E-00
0.1485E-00
Cel1611E-00
0s1702E-00
0.1849E-00
0.1948E-00
0.2088E-00

0.3050E-073
0s3360E-03
0,3783F-03
Qau362E-073
Ce4855E-073
0+5740E-C3
Ne5499E~073
0.5654F=-C3
0e6012£-03
0.6552E-03
0.7181E-03
D.7540£-03
0.8127E-03
0.8695E-073
0eB374F-013
0.8980F-03
0e9658E-073
0e1006E-02
0. 1085%F~-02
0e1143E-02
0.1229E-02

De3927E-03
Os4563E-03
0+45147E-03
045571E-03
0.5985E-073
Oe6430F-013
Ce7091E-03
0e7772E-C3
0.8230F=01
0eRG55F-C3
069706F=073
Cel020E-02
0.1092E-C?2
0e1137E-02
Ce.1169E-02
0e1204E-02
Ce1278E-072
Oe144TE-02
0e1516E-02

RUN No. 2-6-B

0.349C0E 02 0.3910E-01
0.“680E 02 004470E‘01
0.5773E 02 0.5070E-01
0.6567E 02 0.5510E~01
0.7654E 02 0.6160E~01
0.8“43E 02 Ou6690E‘01
0.9626E 02 0.7500E-01
0.1071E 03 0.8110€E-01
0.1149E 03 0.8890E-C1
0.1257E 03 0,9800E~01
0.1372E 03 0.1086E‘00
0.1490E 03 0.1193E-00
0.1626E 03 041337E-00
0.,1742E 03 0.1458E-00
0,1820€E 03 0.1542E~00
0.,1926E 03 0+1664E-00
OQZOOQE N3 001753E‘00
0.,2119E 03 0.1892E-00
0e2197€ 03 0.1587E~00
0,2274E 03 0.2047E-00

91.

004552E‘03
0.5058F-03
0.5522E-03
0.5859E-03
0.6123E-03
0.6481E-03
0.7707E-03
0.8083E-03
0.,8747E-03
0.9440E-03
0.9785€-03
C.1036E~02
0.1081E-02
0.1112E-02
0.1147€E-02
0.1138E-02
0.1115E-02
0.,1099E-02
0.1084E-02



RUN No. 2-7-A

0,10C0E 01 C41011E 01
047990F G1 041017E 01
Oe1498BE 02 041022E 01
0e2296E G2 041029E 01
Ce2992E C2 041036FE 01
0e3689E 02 Ue1043E 01
O.t384E 02 061050E 01
Ue50U7TBE (2 Ue1058E 01
04587CE 02 041067E 0O1
0.6564E 02 041075E O1
0.7256F 02 Cel10B4E 01
Ce7967F 02 C41094F 01
0.8736F 02 Ce1104E O1
J0e9425E C2 0Oe1114E 01
0e1C11FE 03 Ge1125E 01
Je1080F 03 Ce113%E 01
Ge1159E 03 0e41148E 01
(e1227€E 03 041162E 01
0a1296E U3 0U.1171E 01
Je1374E 03 C(e.1185%E 01
UelutzE (3 041197E 01
Cel511E 03 0,12108 01
541598E 03 0412248 01
RUN No., 2-7-C

062992E 02 (0.9840F 0O
De#384E 02 049895E 00
(e5)78E 02 0e9926E 00

0«5870E C2
Ueb564E 02
Ge7256E 02
0e7947E G2
0.8736E 02
Oe9425E 02
0410118 03
Ce1080F 03
0611598 03
Cel227€ 03
ve1296E 03
Uel1374E 03
Celéu?2E 03
De¢1511E 03
Ce158BE 03
0e41657E 03
Ce1763E 03
0e.1841E 03
0.1946E 03
042052 03
Ue2158E C3
Ue2264E O3

Ce9961E 00
0e9999E 00
N0e1004E 01
01008E 01
0.1013E 0O}
0e1017E 01
Ce1022E V1
0e1027€ 01
0.1034E 01
Ce1039E 01
Cel1046E 01
0.1051E 01
Ue1058E 01
Oe1064E 01
0«1072E 01
0641077E C1
Ce1091E 01
0+.1099E 01
0+1111E ©1
0.,1124E 01
Cell37€ 01
Ue1151E 01

0e7359F-03
0«7896E-03
0e.84732E-03
049045E-013
Ce9586E-03
0.1017€E-02
De1068E-02
0e1125E-02
061198F-02
0e1256E=~072
0.1302E-0?
0+135BE~0?
0s1416E-02
0.1465E-02
0e1557E-02
0.1601E-02
Oe1645E-02
0.1676E-02
0.1713E-02
0e1753E-02
0e1796E-02
0.18B40E~02
0+41B90E~02

0e3460E-03

0e4230E-03
Oeb614E-03
0.505?2E-03
Ce5431E-03
0e57T7T4E-03
0e6157E-03
0.6482E-03
0.6B64E-03
0s7192€E~03
Ce7652E-013
0e7949E~03
0.8222E-03
0.8500E~03
0.8841E-03
0.8989E-03
0.9409E-03
0.1003E-02
Ce103BE-0?
0e1103E-02
Oel147E-02
0e1203E-02
0s1234E-02
0e1265E-02
0e1297E-02

0,10CCE 01

UaT7990F
Uel1498E
Ue2296E
Ue2992E
043689E
0 o4 384F
J45078E
04.5870F
O e6564E
047256E
0e7947E
CeB8736E
Ce9425E

Cel011E

C+1080E
Ue1159E
J41227E
Ce1296E
Oel374E
Uel442E
041511E
Ce158BEF
Cel657E

2-7-B

RUN No.

01
02
02
02
02
02
02
02
02
02
2
02
02
03
03
03
03
03
03
03
013
03
03

0+9B49E 00

v e9894E
Ce9941E
0+1000CE
U.1006E
0e«1012E
Ce1019E
0e1025E
0e1033E
Ce1041F
J0.1049¢L
Ue1058E
C.1068E
Ce1077E
C.1088E
Ce1098E
Uel110E
Ve1121E
0.1132E
Cel145E
Ceal1157E
Ce1169E
Ce1184E
0e1197E

00
00
01
01
01
01
01
01
01
01
01
vl
01
01
vl
01
01
C1
01
01
01
01
01

92.

0e6101E-03
0.6682E-03
0e7262E-073
0e7925E-013
0,8467€-03
0.9010E-03
0.9560E-03
0e1011E-02
Oe 10B6E=0?
O.1146F~0?
0.1205€-02
0e1267€E-02
0.1331E-02
0e1389E-02
0e1446E-02
0. 1502E-02
041557E=-02
0.1613E-02
0e1668E-02
0.1733E-02
0.1793E-02
0.1855F=-02
0e1926E-02
0+19B9F=-02



RUN No. 2-8-A
0,1000F 01 0.9842E 00
0.7995E 01 049904E 00
0.1498E 02 0e.9970E 00
042495E 02 0.1007E 01
043291E 02 061016E 01
0.3987E 02 0.1023E 01
0.4781E 02 C,1033E 01
0.5475E 02 0.1041E 01
0.6168E 02 041050E 01
0.6861E 02 0.1059E 01
0.7651E 02 0.1070E 01
0.8342E 02 0.1081E 01
0.9032E 02 0.1091E 01
0.9820E 02 0.1104E 01
041051E 03 0.1115E 01
0e1119E 03 0.1126E 01
041198E 03 0.1139E 01
0e1267E 03 0e1152E 01
0.1345E 03 0.1165E 01
0.1413E 03 0.1179E 01
Oe1481E 03 0,1192E 01
RUN No. 2-8-C

0.6168E 02
046861E 02
0s7651E 02
0e8342E 02
0.9032E 02
0.9820E 02
0.1051E 03
Oe1119E 03
0.1198E 03
0e1267E 03
Oe1345E 03
0.1413E 03
0+1481E 03
0.1559F 03
0es1628E 03
041705E 03
0.1773E 03
0.1851E 03
0.1957E 03
0.2025E 03
0.2131E 03
0.2208E 03

0e9454E 00
0+9498E 00
0.9565E 00
0.9620E 00
Ge9695E 00
0.9780E 00
0.9848E 00
0.9930E 0O
0.1003E 01
0.1012E 01
0.1022E 01
0.1033E 01
0e1043E 01
0.1056E 01
0.1068E 01
0.1081E 01
0.1093E 01
0.1108E 01
0.1129E 01
Os1143E 01
0.1166E 01
0«1183E 01

048571E-03
0.9089E-03
0.9607E-03
0.1035E-02
0.1100E~02
0.1154E-02
Ce1204E-02
0.1255E-02
0.1320E-02
0.1362E-02
0.1433E-02
0e1494E-02
0e1548E-02
0.1593E-02
0.1639E-02
0.1676E-07
Ce1729E-02
0e1796E-02
0.1876E-02
0.1946E-02
0.2016E-02

Oeb6744E-03
0.7539E-03
0eB4u45E-03
0.9238E-03
0e1000E-02
0.1079E-02
Oe1144E-02
0.1195E-02
0.1277E-02
041356E-02
0.1439E-02
0e1511E-02
0.1%578E-07
0,1649FE-02
0.1708E-02
0.1782E-02
0.1842E-02
0.1922E-02
0.2032E-02
0.2093E~02
0.2190E-02
0.2260E-02

RUN No. 2-8-B

Os1498F 02
0e7495E 02
043291E 02
0,3987E 02
0.,4781E 02
0.5475E 02
0.6168E 02
0.6861E 02
0.7651E 02
0483428 02
0e9032E 02
0.9820E 02
0.1051E 03
0.1119E 03
0.1198E 03
0.1267E 03
0.1345E 03
0.1413E 03
0.1481E 03
0.1559E 03
0.1628E 03

0.9578E 0N
0.9631E 00
0.9699E 00
0.9767E 00
0.9851E 00
0.9929E 00
0.,1002E 01
0.1010E 01
0.1021E 01
0.1031E 01
0.1042E 01
0.1054E 01
0.1066E 01
0.1078E 01
041093E 01
0.1105E 01
0.1121E 01
0.1135E 01
0.1150E 01
0.1167E 01
0.1183E 01

93.

NeS5440E-03
0.7188E-03
0.8583F-03
0.9804E-03
0. 1098E-02
0.1177E-02
0.1255E-02
0s1327E-02
0e14064E~-02
0.1480E-02
0.1562E-07
0.1650E-N7
061721F-02
0.,1796E-07?
C.1881E-0?
041952E-02
0.2037€-0?
0.2111E-02
0e2190E-02
0.2280FE~02
0.2358E-02



0.1000E
0.8000E
0.1498E
0.2295E
0.2894%
0.30639E
0.4390E
0.5080E
0.5770E
0.6470E
0,7160E
0.7950E
0.3640E
0.9330E
0.1002E
0.1080E
0.1149E
0.1213E

0.1000E
0.8000E
0.1498E
0.2295E
0.2894E
0.3689E
0.4390E
0.5080E
0.5770E
0.6470E
0.7160E
0.7950E
0.8640E
0.9330E
0.1002E
0.1080E
0.1149E
0.1218E
0.1287E
0.1360E
0.1433E
0.1502E
0.1609E
0.1678E
0.1785E
0.1901E
0.1979E
0.2086E
0.2153E
0.2258E

RUN No. 14-1-A

01 0.9117E
01 0.9216E
02 0.9308E
02 0.9432E
02 0.9534E
02 0.9669E
02 0.9776E
02 0.9925E
02 0.1008E
02 0.1023E
02 0.1039E
02 0.1058E
02 0.1075E
02 0.1093E
03 0,1111E
03 0.1134E
03 0.1153E
03 0.1173E
RUN No. 14-1-
0l 0.8659E
01 0.8699E
02 0.8739E
02 0.8791E
02 0.8829E
02 0.8892E
02 0.8948E
02 0.9012E
02 0.9084E
02 0.9150E
02 0.9228E
02 0.9316E
02 0.9401E
02 0.9489E
03 0.9580E
03 0.9696E
03 0.9793E
03 0.9890E
03 0.1001E
03 0.1012E
03 0.1025E
03 0.1038E
03 0. 1056E
03 0.1068E
03 0.1090E
03 0.1112E
03 0.1128E
03 0.1153E
03 0.1169E
03 0.1194E

C

0.1353E-02
0.1417E-02
0.1482E-02
0.1557E-02
0.1643E-02
0.1793E-02
0.1911E-02
0.2D030E-02
0.2154E-02
0.2276E-02
0,2370E-02
0.2436E-02
0.2543E-02
0.2636E-02
0.2726E-02
0.2830E-02
0,2920E-02
0.3011E-02

0.5085E-03
0.5611E-03
0.6138E-03
0.6179E-03
0.7240E-03
0.8064E-03
0.8693E-03
0.9397E-03
0.9964E-03
0.1058E-02
0.1112E-02
0.1177E-02
0.1251E-02
0.1309E-02
0.1361E-02
0.1430E-02
0.1490E-02
0.1547E-02
0.1621E-02
0.1675E-02
0.1728E-02
0.1766E-02
0.1830E-02
0.1866E-02
0.1955E-02
0.2093E-02
0.2172E-02
0.2299E-02
0.2380E-02
0.2506E-02

0. 1000E
0.8000E
0. 1498E
0.2295E
0.2894E
0.3689E
0.4390E
0.5080E
0.5770E
0.6470E
0.7160E
0.7950E

0.8000E
0.1498E
0.2295E
0.2894E
0.3689E
0.4390E
0.5080E
0.5770E
0.6470E
0.7160E
0.7950E
0.8640E
0.9330E
0.1002E
0.1080E
0.114SE
0.1218E
0.1287E
0.1356E
0.1133E
0.1502E
0.1609E
0.1678E
0.1785E
0.1901E
0.2086E
0.2153E
0.2259E

RUN No. 14-1
01 0.9049E
0l 0.9133E
02 0.9199E
02  0.9294E
02 0.9362E
02 0.9469E
02 0.9561E
02 0.9658E
02 0.9766E
02 0.9870C
02 0.9980E
02 0.1011E
01 0.8594E
02 0.8615E
02 0.80653E
02 0.8685E
02 0.8730E
02 0.8770E
02 0.8812E
02 0.8863E
02 0.8913E
02 0.8958E
02 0.9022F
02 0.9084E
02 0.9133E
03 0.9204E
03 0.9281E
03  0.9344E
03 0.9413E
03 0.9491E
03  0.9564E
03 0.9653E
03 0.9741E
03 0.9855E
03  0.9939E
03  0.1008E
03 0.1022E
03 0.1049E
03 0.1060E
03 0.1085E

-B

00
00
00
00
00
00
00
00
00
00
00
01

0.1001E-02
0.1060E-02
0.1119E-02
0.1188E-02
0,1231E-02
0.1325E-02
0.1387E-02
0.1452E-02
0.1507E-02
0.1570E-02
0,1624E-02
0.1677E-02

0.3860E-03
0.4287E£-03
0.4780E-03
0.5147E-03
0.5737E-03
0.6126E-03
0.0490E-03
0.6846E-03
0.7296E-03
0.,7630E-03
0.8051E-03
0.8518E-03
0.8928E-03
0.9212E-03
0.9656E-03
0.1007E-02
0.1039E-02
0,1087E-02
0.1031E-02
0.1141E-02
0.1167E-02
0.1204E-02
0.1231E-02
0.1283E-02
0.1421E-02
0.1718E-02
0.1828E-02
0.2011E-02

94,




0.3000E
0.1500E
0.2294E
0.2991E
0.3680E
0.4380E
0.5173E
0.5860E
0.6556E
0.6556E
0,7640E
0.8329E
0.9115E
0.1019E
0.1088E
0.1164E
0.1234E
0.1302E
0.1380E
0.1448E
0.1526E
0.1632E
0.1738E
! 0.1845E
0.1950E
0,2055E
0.2170E

RUN No. 14-2-B
01 0.8629E 00
02 0.8658E 00
02 0.8702E 00
02 0.8732E 0C
02 0.8776E 00
02 0.8817E 00
02 0,.88701E 00
02 0.8924E 00
02 0.8979E 00
02 0.8979E 00
02 0.9075E 00
02 0.9131E 00
02 0.9217E 00
03 0.9338E 00
03 0.9412E 00
03 0.9508E 00
03 0.9596E 00
03 0.9635E 00
03 0.9791E 00
03 0.9890E 00
03 0.1001E 01
03 0.1018E 01
03 0.1035E 01
03 0,1053E O1
03 0.1072E 01
03 0,1093E 01
03 0.1116E 01

0.4200E-03
0.4614E-03
0.5090E-03
0.5505E-03
0.6010E-03
0.06494E-03
0.7213E-03
0.9643E-03
0.9643E-03
0.8254E-03
0.9201E-03
0.9723E-03
0.1038E-02
0.1130E-02
0.1101E-02
0.1190E-02
0.1265E-02
0.1344E-02
0.1436E-02
0.1516E-02
0.1625E-02
0.1614E~02
0.1689E-02
0.1770E-02
0.1857E-02
0.1942E-02
0.2034E-02

0.1000E
0.8000E
0.2229E
0.2991E
0.3686E
0.4380E
0.5173E
0.5860E
0.6556E
0.7640E
0.3329E
0.9115E
0.1019E
0.1083E
0.1164E
0.1234E
0.1302E
0.1380E
0.1448E
0.1526E
0.1632E
0.1738E
0.1845E
0.1950E
0.2055E
0.2170E

RUN No. 14-2-C
01 0.8567E 00
01 0.8508E 0O
02 0.3636E 00
02 0.8720E 00
2 0.8768E 00
02 0,8308E 00
02 0.8860E 00
02 0.8915CE 00
02 0.8968E 00
02 0.9055E 00
2 0.9115E 00
02 0.9182E 00
03 0.9287E 00
03 0.9352E 00
03  0.9436E 00
03 0.9508E 00
03 0.9585E 00
03 0,9672E 00
03 0.9751E 00
03 0.9849E 00
03 0.9983E 00
03 0.1013E Ol
03 0.1027E 01
03 0.1042E O1
03 0.1059E 01
03 0.1076E 01

0.4902E-03
0.5126E-03
0.5606E-03
0.5827E-03
0.6199E-03
0.6599E-03
0.7090r-03
0.7434E-03
0.75865E-03
0.8417E-03
0.8096E-03
0.9140E-03
0.3665E~03
0.1015E-02
0.1054E-02
0.1085E-02
0.1124E-02
0.1161E-02
0.1198E-02
0.1243E-02
0.1304E-02
0.1360E-02
0.1414E-02
0.1471E-02
0.1527E-02
0.1589E-02
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RUN No.

0.1794E% 02
0.2591E 02
0.3285E 02
0.4375C 02
0.5066E 02
0.5755E 02
0.6543E 02
0.7229E 02
0.8012E 02
0.8697E 02
{ 0.9380E 02

0.1006E 03

0.1113E 03
: 0.1119E 03
0.1253E 03
0.1335E 03
0.1402E 03
0.1518E 03
0.1595E 03
0.1661E 03
0.1737E 03
0.1804E 03
0.1909E 03
0.1984E 03
0.2089E 03

RUN No.

0.1794E 02
0,2591E 02
0.3285E 02
0.4375E 02
0.5066E 02
0.5755E 02
0.6543E 02
0.7229E 02
0.8012E 02
0.8697E 02
0.9380E 02
0.1006E 03
0.1113E 03
0.1190E 03
0.1258E 03
0.1335E 03
0.1402E 03
0.1518E 03
0.1595E 03
0.16061E 03
0.1737E 03
0.1804E 03
0.1909E 03
0.1984E 03
0.2089E 03

14=-3-A

0.8546E
0.8555E
0.8564E
0.8572E
0.8580E
0.8584E
0.8596E
0.8609E
0.8619E
0.8630E
0.8645E
0.8657E
0.8678E
0.8698E
0.8709E
0.8730E
0.8746E
0.8766E
0.8786E
0.8802E
0.8826E
0.3846E
0.8877E
0.8907E
0.8939E

14-3-C

0.8567E
0.8596E
0.8622E
0.8669E
0.8709E
0.8742E
0.8797E
0.8846E
0.8903E
0.8964E
0.9021E
0.9084E
0.9184E
0.9284E
0.9360E
0.9450E
0.9546E
0.96 35E
0.9745E
0.9844E
0.9966E
0.1007E
0.1025E
0.1039E
0.1058E

0.1008E-03
0.1005E-03
0.1003E-03
0.10C0E-03
0.1118E-03
0.1206E-03
0.1363E-03
0.1528E-03
0.1695E-03
0.1759E-03
0.1864E-03
0.1990E-03
0.2124E-03
0.2215E-03
0.2192E-03
0.2223E-03
0.2201E-03
0.2364E-03
0.2524E-03
0.2657E-03
0.2947E-03
0.3076E-03
0.3252E-03
0.3384E-03
0.3566E-03

0.2923E-03
0.3633E-03
0.3736E-03
0.4936E-03
0.5506E-03
0.6059E-03
0.6776E-03
0.7327E-03
0.7945E-03
0.8396E-03
0.9044E-03
0.9695E-03
0.1063E~02
0.1149E-02
0.1123E-02
0.1152E-02
0.1147E-02
0.1249E-02
0.1350E-02
0.1433E-02
0.1598E-02
0.1659E-02
0.1761E-02
0.1836E-02
0.1940E-02

RUN No.l4-3-B

0.1794E
0.2591E
0.3285E
0.4375E
0.50606E
0.5755E
0.6543E
0.7229E
0.8012E
0.8697E
0,9380E
0.1006E
0.1113E
0.1190E
0.1258E
0.1335E
0.1402E
0.1518E
0.1595E
0.1661E
0.1737E
0.1804E
0.1909E
0.2089E

0.8213E
0.8225E
0.8230E
0.8248E
0.8264E
0.8302E
0.8328E
0.8358E
0.8387C
0.8422E
0.8455E
0.8520E
0.8570E
0.8613E
0.8672E
0.8725E
0.8781E
0.8351E
0.8906E
0.8985E
0.9053E
0.9165C
0.9253E
0.9253E

0.7515E-04
0.1107E-03
0.1419E-03
0.1913E-03
0.2308E-03
0.2757E-03
0.3225E-03
0.3686E-03
0.4184E-03
0.4629E-03
0.5051E-03
0.5486E-03
0.6160E-03
0.6661E-03
0.6578E-03
0.6793E-03
0.6943E-03
0.7620E-03
0.8344E-03
0.8959E-03
0.9993E-03
0.1047E-03
0.1123E-02
0.1180E-02
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RUN No. l4-4-A
0.1000E 01 0.8705E
0.9000E 01 0.8738E
0.1500E 02 0.8765E
0.2700E 02 0,.8817E
0.3690E 02 0.8878E
0.4781E 02 0.8951E
0.5570E 02 0.9015E
0.6270E 02 0.9074E
0.6960E 02 0.9135E
0.7650E 02 0.9201E
0.8440E 02 0.9283E
0.9130E 02 0.9301E
0.9820E 02 0.9436E
0.1060E 03 0.9547E
0.1129E 03 0.9631E
0.1198E 03 0.9725E
0.1276E 03 0.9340E
0.1345E 03 0.9945E
0.1423E 03 0.1007E
0.1491E 03 0.1019E
0.1559E 03 0.1031E
0.1637E 03 0.1044E
0.1705E 03 0.1058E
0.1812E 03 0.1079E

RUN No., 14-4-D
0.7650E 02 0.8471E
0.8440E 02 0.8493E
0.9130E 02 0.8517E
0.9821E 02 0.8549E
0.1060E 03 0.8588E
0.1129E 03 0.8616GE
0.1198E 03 0.8657E
0.1276E 03 0.8707E
0.1345E 03 0.9742E
0.1423E 03 0.8805E
0.1491E 03 0.8855E
0.1559E 03 0.8913E
0.1637E 03 0.8979E
0.1705E 03 0.9042E
0.1812E 03 0.9148E
0.1890E 03 0.9230E
0.1996E 03 0.9345E
0.2064E 03 0.9427E
0.2141E 03 0.9532E
0.2208E 03 0.9617E
0.2324E 03 0.9770E

0.3142E-03
0.3861E-03
0.4490E-03
0.5468E-03
0.6370E-03
0,7403E-03
0.8096E-03
0.8713E-03
0.9378E-03
0.9910E-03
0.1081E-02
0.1150E-02
0.1215E-02
0.1290E-02
0.1354E-02
0.1427E-02
0.1495E-02
0,1575E-02
0.1643E-02
0.1714E-02
0.1777E-02
0.1851E-02
0.1915E-02
0.2018E-02

0.2897E-03
0.3414E-03
0.3872E-03
0.4327E-03
0.4924E-03
0.5245E-03
0.5690E-03
0.6239E-03
0.6841E-03
0.7378E-03
0.7901E-03
0.8503E-03
0.8962E-03
0.9455E-03
0.1018E-02
0.1087E-02
0.1176E-02
0.1217E-02
0.1275E-02
0.1325E-02
0,1416E-02

RUN No. 14-4-C

0.1000E 01  0.8401E
0.9000E 01  0.8410E
0.1600E 02 0.8405E
0.2700E 02 0.8412E
0.3690E 02 0.8416E
0.4781E 02  0.8428E
0.5570E 02  0.8441E
0.6270E 02  0,8454E
0.6960E 02  0.8465E
0.7650E 02  0.8480F
0.8440E 02  0.8489EF
0.9130E 02 0.8508E
0.9820E 02 0.8527E
0.1060E 03  0.8553E
0.1129E 03  0.8564E
0.1198E 03  0.8585E
0.1276E 03  0.8614E
0.1345E 03 0.8619E
0.1423E 03 0.8658E
0.1491E 03 0.8693E
0.1559E 03  0,8727E
0.1637E 03  0.8754E
0.1705E 03  0.8788E
0.1812E 03  0.8B41E
0.1890E 03  0.8882E
0.1996E 03  0.8928E
0.2064E 03 0.8971E
0.2141E 03 0,9016E

00

0.7894E-05
0.1290E-04
0.3119E-04
0.5988E-04
0,8809E-04
0.1295E-03
0.1556E-03
0.1633E-03
0.1793E-03
0,1940E-03
0.2227E-03
0.2370E-03
0.2525E-03
0.2815E-03
0.2669E-03
0.2814E-03
0.3170E-03
0.3699E-03
0.3999E-03
0.4285E-03
0.4683E-03
0.4673E-03
0.4643E-03
0.4852E-03
0.5128E-03
0.5343E-03
G.5478E-03
0.5633E-03
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0.1000E
0.8000E
0.1600E
0.2700E
0.3700E
0,4490E
0.5180E
0.5873E
0.6660E
0.7350E
0.8050E
0.8836E

0.1021E
0.1100E
0.1169E
0.1247E
0.1316E
0.1384E
0.1462E
0.1531E
0.1608E
0.1676E
0.1754E
0.1890E
0.1967E
0.2035E

0.8593E
0.8604E
0.8613E
0.8659E
0.8693E
0.8727E
0.8759E
0.8790E
0.8815E
0.8863E
0.8897E
0.8945E

0.9026E
0.9067E
0.9121E
0.9179E
0.9230E
0.9282E
0.9347E
0.9399E
0.9466E
0.9517E
0.9599E
0.9752E
0.9805E
0.9871E

0.1497E-03
0.2004E-03
0.2581E-03
0.3381E-03
0.3964E-03
0.4056E-03
0.4339E~-03
0.5144E-03
0.4952E-03
0.5046E-03
0.5559E-03
0.5788E-03

0.6246E-03
0.6603E-03
0.7238E-03
0.7394E-03
0.7694E-03
0.7815E-03
0.7935E-03
0.8269E-03
0.8866E-03
0.9123E-03
0.9515E-03
0.9706E-03
0.9814E-03
0.8701E-03
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RUN No, l4-6-A
0.1000E 01  0.8656E 00
0.7992E 01  0.8693E 00
0.1497E 02 0.8730E 00
0.2294E 02 0.8796E 00
0.2990E 02  0.8809E 00
0.3684E 02  0.8910E 00
0.4476E 02  0.8985E 00
0.5167E 02  0.9057E 00
0.5858E 02 0.9126F 00
0.6646E 02  0.9213E 00
0.7334E 02  0.9291E 00
0.8021E 02 0.9362E 00
0.8804E 02  0.9474E 00
0.9489E 02  0.9560E 00
0.1027E 03 0.9670E 00
0.1095E 03 0.9777E 00
0.1163E 03  0.9870E 00
0.1240E 03  0,9983E 00
0.1308E 93  0.1010E 01
0.1386E 03  0.1023E 01
0.1453E 03  0.1034E 01
0.1544E 03  0.1048E 01
0.1597E 03  0.1060E 01

RUN No. 14-6-C
0.1000E 01 0.8611E 00
0.7992E 01  0.8624E 00
0.1497E 02  0.8640E 00
0.2294E 02  0.8666E 00
0.2990E 02  0.8690E 00
0.3684E 02  0.8709E 00
0.4476E 02  0.8736E 00
0.5167E 02 0.8767E 00
0.5858E 02 0.8797E 00
0.6646E 02  0.8825E 00
0.7334E 02  0.8861E 00
0.8021F 02  0.8884E 00
0.8804E 02 0.8937E 00
0.9439E 02  0.8970E 00
0.1027E 03  0.9016E 00
0.1095E 03  0.9054E 00
0.1163E 03  0.9099E 00
0.1240E 03  0.9149E 00
0.1308E 03  0.9190E 00
0.1336E 03  0.9247E 00
0.1453E 03 0.9290E 00
0.1544E 03  0.9350E 00
0.1597E 03  0.9407E 00
0.1674F 03  0.9468E 00
0.1741E 03  0.9520E 00
0.1818E 03  0.9588E 00

0.3613E-03
0.4810E-03
0.6011E-03
0.7387E-03
0.8392E-03
0.9264E-03
0.9937E-03
0.1076E-~02
0.1050E-02
0.1113E-02
0.1162E-02
0.1224E-02
0.1306E-02
0.1364E-02
0.1415E-02
0.1449E-02
0.1508E-02
0.1553E-02
0.1602E-02
0.1680E-02
0.1736E-02
0.1802E-02
0.1857E-02

0.2213E-03
0.2439E-03
0.2666E-03
0.2927E-03
0.3247E-03
0.3532E-03
0.3694E-03
0.3957E-03
0.4116E-03
0.4470E-03
0.4683E-03
0.4981E-03
0.5340E-03
0.5594E-03
0.5930E-03
0.5974E-03
0.6276E-03
0.6453E-03
0.0700E-03
0.7018E-03
0.7328E-03
0.7643E-03
0.7881E-03
0.8175E-03
0.8427E-03
0.5715E-03

0.1000E
0.7992E
0.1497E
0.2294E
0.2990E
0.3684E
0.4476E
0.5167E
0.5858E
0.6646E
0.7334E
0.8021E
0.8804E
0.9489E
0.1027E
0.1095E
0.1163E
0.1240E
0.1308E
0.1386E
0.1453E
0.1544E
0.1597E
0.1674E
0.1741E
0.1818E

RUN No. 14-6-B

0.8613E
0.8628E
0.8643E
0.8663E
0.8682E
0.8703E
0.8721E
0.8751E
0.8776E
0.8822E
0.8833E
0.8851E
0.8894E
0.8924E
0.8961E
0.8990E
0.9029E
0.9069E
0.9104E
0.9150E
0.9187E
0.9232E
0.9285E
0.9334E
0.9375E
0.9423E

00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00

99.

0.2169E-03
0.2280E-03
0.2391E-03
0.2517E-03
0.2760E-03
0.3015E-03
0.3525E-03
0.3666E-03
0.3659E-03
0.3846E-03
0.3877E-03
0.4002E-03
0.4111E-03
0.4606E-03
0.4876E-03
0.4916E-03
0.5136E-03
0.5331E-03
0.5504E-03
0.5794E-03
0.6075E-03
0,6310E-03
0.6392E-03
0.6457E-03
0.65121E-03
0.6572E-03



—

RUN No.

0.1000E 01
0.8000E 01
0.1497E 02
0,2294E 02
0.2991E 02
0.3686E 02
0.4380E 02
0.5070E 02
0.5865E 02
0.6556E 02
0.7247E 02
0.7936E 02
0.8624E 02
0.9410E 02
0.1009E 03
0.1078E 03
0.1146E 03
0.1224E 03
0.1292E 03
0.1370E 03

14-7-A

0.898&3E
0.9067E
0.9161E
0.9266E
0.9369E
0.9473E
0.9603E
0.9704E
0.9843E
0.9969E
0.1009E
0.1023E
0.1037E
0.1053E
0.1068E
0.1083E
0.1099E
0.1117E
0.1134E
0.1153E

RUN No. 14-7-B

0.1000E 01
0.8000E 01
0,1497E 02
0.2294E 02
0.2991E 02
0.3686E 02
0.4380E 02
0.5070E 02
0.5865E 02
0.6550E 02
0,7247E 02
0.7936E 02
0.8624E 02
0.94101 02
0.1009E 03
0.1078E 03
0.1146E 03
0.1224E 03
0.1292E 03
0.1370C 03
0.1438E 03
0.1506F 03
0.1564E 03
0.1651E 03
0.1719E 03
0.17968£ 03
0.1363E 03
0.1931E 03
0.2007E 03
0,2075E 03
0.2151E 03
0.2218x 03

.86 3E
.8704E
.974L5E
.8795E
.884T7E
.8855E
.3966F
.9014E
L9057
.9158K
.9228E
.9305E
.9384E
0.9460E
.9559E
.9650EF
.9747%
.9859E
.9953E
. 10071
.1018E
. 10291
10421
. 10541
. 106081
. 1030E
.1093R
. 1100F
L. 1121E
.11350
.1151C
.1l1650

COLOo0OCOOO0OOOOCOO

OO0 CCOODOCOODDOCOOOCCC

0.1119E-02
0.1222E-02
0.1323E-02
0.1439E-02
0.1508E-02
0.1574E-02
0.1646E-02
0.1699E-02
0.1766E-02
0.1824E-02
.1909E-02
.1976E-02
.2049E-02
.2125E-02
.2183E-02
.2254E-02
0.2313E-02
0.2391E-02
0.2459E-02
0.2533E-02

loNeoNoNeNoNel

0.4487E-03
0.5152E-03
0.5813E-03
0.6574E-03
0,7233E-03
0.7436E-03
0.3303E-03
0.9136E-03
0.1013E-02
0.1013E-02
0.1104E-02
0.11661-02
0,1162E-02
0.12258-02
0.127912-02
0.1332E-02
0.1385%-02
0.1442E-02
0.1482E-02
0.1533E-02
0.1587E-02
0,1644E-02
0.1709E-02
0.1763E-02
0.1808E-02
0.1859E-02
0.1906£-02
0.19576-02
3,2013E-02
0.20571-02
0.2111r-02
0.2157£-02
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RUN No, 14-8-A
0,1000E 01 049610E-01
0+8990E 01 0e41046E=-00

0+1598E 02
0420494FE 02
‘042693E 02
0+3489F 02
Oeu?283E 02
Oeu680E 02

045175€E 02 0e1661E-00
0¢5967E 02 041807E=-00
0.6362E 02 041883E-00
0e6856E 02 041982E-00
0e7546E 02 042125E=00
0.8137€ 02 042250E=00
048925€E 02 042428E=00
0e9416E 02 0e2537F-00
061000€ 03 04,2683F-00
0e1079E 03 042879F-00
RUN No. 14-8-C
043489E 02 045960E-01

Jeu?283F 02
Oe4680FE 02
Je5175E 02
0e95967E 02
Jeb6362E 02
vebB56E 02
Oe7546F 02
048137 02
0 «B925F 02
0a9416F 0?2
06,1000F 03
041079F 03
Uel1147E (3
Jel?216F 03
Uel284F 03
Uel362E 013
UOelusaOFE 03
Vel518E 03
Uel586E 03
lel1654F 03
Ye1729F 03
Je1818F 03
D«1915E 03
Del1982F 03
Je?2UTBE (03
Je?2126F 03
je?2203F (3
Je2279E 03
Je?2356F 03

0e1124E=-00
Oe1243E-~00
0e1280E~00
0.1387FE=00
0e1510E=00
0e1578F=00

Ceb6260E-01
0e6430E-01
LebHb10E=~01
Oe7050E-01
0e7290E-C1
Qe752VE=-C1
0e7960E-01
0e8340F~C1
0Ce8887F=~01
0.9320E~01
0e3800E=N1
Nel041E~-00
Uel1110E-GO
Oel1172F-00
Uel236F=-00
Jel320FE=00
Uel&l3E~00
Oel15usF-00
vel588E-00
0s1675E-00
Del776E=-00
Us189RBF=00
Oe?2028BE=-00
De2129F =00
Ce?22845 =00
we/372F=00
Ue?493F-00
Ce26270 =00
Ce?2163E-00

041025E-02
0e1137€-02
0s1235E-02
061361F-02 -
0e1396E-02
Cel1506F-02
0e1618F-02
0e1676F-02
0.1767E-02
0e1892E-02
Oel944F~-02
042C19E-02
062105E-02
0e2183E-02
0e?2292FE-02
0e2363F~02
Oe?u4uBF-02
0e?2561F-02

0e34735E-03
0.‘0032[“"03
0e4331F-013
Oet70%E-013
O0eb5273FE~-03
OeH547F-013
Ce8911F-013
Oeb334F-03
Ceb6B73F-03
Oe7477F~-02
047899F-013
NeRALEF~-N13
CeBR12F-N17
0e9179F~03
QeG769F-C 3
Oe 1N36F-02
0e41053F~02
Oel161F-02
Qe 1721F~02
Oel?63F-02
Del?232E-02
Ne1335F-02
Ue1393F-07
Oe14B4E~C2
Oe1535F=02
Osl16175-C2
Celb6&PF-07
Jel707F-02
Oel1750F-02
0e1753E-02

RUN No. 14-8-B

0+1000E 01 065730E-01
0e8990E 01 046030E=01
0e1598E 02 046380E-01
0e2494E 02 046800E-01
042693E 02 0469C0E~01
0e3489FE 02 0e7410£-01
0e4?83E 02 0e47910F-01
0+4680E 02 0e48120E-01
0e5175E 02 0e8480FE=-01
045967F 02 0e49030E~=01
0.6%62F 02 Ce9310E-01
046896E 02 049730E-~01
0e7546E 02 041026E-00
0eB8137€ 02 061072E-00
0e8925E 02 Oell41E=00C
Oe9416E 02 0e41184E=~00
0.1000F 03 0641239E=00
041079F 03 0e1314E-00
0.1147F 03 041384E-00
0e1216FE 03 041453FE-00
0.1784E 03 041525£~CO
Oe1362F 03 041615F-00
Oel440E 03 Ue41709E-00
0e1518FE 03 041801F-00
Ue1586E 03 041885F-00
0e1654E 03 064197000
041729E 03 0,2070E=-00
Oe«1818E 03 0.2187£-~00

101,

043565€-03
0e4197E-03
Oe&4T749E-03
0e5458F-C3
0e5525E-013
065992F-013
Ceb6431F-03
Ce6584E-02
066831E~013
0e7314F-03
047520F-03
0s7729F-013
0eB8081F-03
0e8363E-013
Oe8747E-07
0e9065F-072
0e9411F-013
0e3783F-03
0.1018F-02
0.1062F-02
0e1102E-02
Oel147F-C2
0s1188F-0?
Oe1227F-02
0e1252F-02
0e1279F-02
061310E-02
Uel1346F-02




RUN No. 1A

UulOOOE 01 OQQZQOE‘OI
Uel1099E 02 0.5500£E-01
Je2096E 02 0.6950E-01
0e3190F 02 0.8760F-01
0e6183F 02 (e1060E-00
0e5174F 02 0e1266E-0C
0e6262E 02 041512E-00
De7249E 02 Ge1770E-00
0e8332F 02 042065E-00
0e9315F 02 0.2348E-00
UolO39E 03 0.2681E-00
0e1127E 03 043012E-00

RUN No. 1C

Ue1000E 01 0e1100E=-02
0,1099F 02 048900E-02
0e?2096E 02 V.1910E-01
0e¢3190E 02 0e3230E-0C1
Oe4183E 02 0e.4740E-01
0e5174E 02 0e6440E-01
0¢6262F 02 048620E-01
0.7249F 02 061091E-00
0+8332F N2 0e1354E-00
0+9315E 02 0.1625E-00
0+1039E 03 041945E-00
0e¢1127E 03 042264E=00
Oe1245E 03 0.2633E-00

J¢1156E-02
0e1354E-02
0e1551E-02
0e1767F-02
Cel1977FE=-072
Ce2188F-07
042413F-07
Je2610E-02
Ve 2865F-02
0e30839FE-02
0e3336E-02
0e3537F-02

0e6459F-03
0.8831E-03
0e1120E-02
Oul?SOE_OZ
0e1625E-02
0e1862FE-02
0e2129E-02
0e2363F-0N2
0e2660F=-02
0e2873F=-02
0e3123F-02
Ou3q26F-02
0«3598E-02

RUN No. 1B

0.1000E 01 0.3310E-01
0e¢1099F 02 0,4030E-01
0+72096F 02 0,5100F-01
043190F 02 0.6400F-01
0.4183F 02 0.7890E-01
0e5174E 02 0e42640F-01
0e¢72649E 02 ©Ve1409E-00
0eB8332E 02 0e1679E-00
Ue9315%E 02 OuIQQBE‘OO
Ce1039E 03 0,2268E-00
0e1127F 03 062594E-00C
Oe1245%E 03 062962E-00

RUN No. 1D

0,1099E 02

042096E 02
0+3190E
0e4183F
045174F 02
066262F
0e7749E
0+81332E
0.9315€ 02
0+1039E 03
0s1127E 03
Oel1245E
0e1342E
Oel449E
0+41556E 03
0e1653E
0s1759E 03
0.1856E
0e1962E 03
0«.2067E 03
0e62173E 03

0e1450E-01

0e1510E-01
0e1610E-01
0.1730E-01

G,1950F=01
Ce2250E-01
Ce?2640E-01
0.3080E-01
0e3520E-01
Oe&4140E-01
0+4820E-01
0e¢5590L-01
0e6350E-01
0e7300E-01
0.8290E-01

0.9240E-01

0.1031E-00
061131E-00
0e1245E-00
0+1353E-00
0es1457E-00

102.

0e5306E-03
Ce8733E-013
0e1116E-02
0e1381E~02
0el630F-02
0.1870F-02
0e?2138F=-02
0e2373E-02
0e2675E-02
0.2891F=-02
Oe3144E-02
0e3350F-02
Ce3625F-02

-0+1140E-06
0e5300E-04
Oel1237E-0D3
0,1878F-013
Ce?2492F-03
0.3180F-03
Ce3B847E-03
Oe46721E-073
0s5372E-013
0e6109E-073
0e«6785E~013
Oe7627E-03
0e82732E-03
0e8814E-03
0eQ440F-013
0e9862E~C3
0.1014E-07
0e1026F=-0?
0. 1030F=02
0+.1034E-02
Oe1038E-02




RUN No. 2A
0,1198E 02 0,1010€e 01
0.1894E 02 04,1014E 01
0e2593E 02 0.1018E 01
0¢3388E 02 0,1023E 01
0.4083E 02 0,.,1028E 01
Oets777€E 02 0,1033E 01
065569E 02 041038E 01
0e6260E 02 041044E 01
0e7345E 02 061053E 01
0e8722E 02 0.,1065E 01
049410E 02 0,1071E 01
041010E 03 0,1078E 01
0.1088E 03 O0.,1086E 01
0e1156E 02 0,1094E 01
0.1225E 03 06,1101E 01
041303E 03 Ue11VU9E 01
0.1372E 03 Ul1117E 01
041439E 03 041125E 01
0«1516E 03 0.1135E 01
0.1584E 03 0O411473E 01
0.1661FE 03 0.1153E 01
0e1768E 03 0.1166E 01
0.1873E 03 0.1180E 01
06197%9E 03 0,1194E 01
RUN No. 2C

0,1000E 01 0.9823E 00
0.,1198E 02 0.98738E 00
0.,1894E 02 0+9849E 00
0.2593E 02 0.9862E 00
0e3388E 02 0,9879E 00
0.4083E 0?2 06.9893E 00
0.,4777E 02 0a.9907E 0O
065569E 02 049925E 0O
De6260E 02 049941E 00
0e.7345E 0?2 0.9968E 00
0.8034E 02 0e9985E 00
0e8722E 02 O0.1001E Ol
0¢9410E 02 0.1002E 01
0e¢1010E 03 (0.1005E O1
0.1088E 03 (0410V07E 01
0e1156E 03 041009E 01
041225E 03 0.1011E 01
0e1303E 03 GCe1014E 01
0,1372F 03 041016E O1
0e1439E 03 0,1019E 01
0e1516E 02 Ce1021'E 01
0e1584E 03 0.1024E 01
041661E C3 041026E D1
0e1768E 03 041031E 01
Ue1873E 03 0.1035%E 01
Uel1979E 03 0V.1038E 01

0,5569E-03
0,5850E-03
0e6133E-03
0e6454E-03
0.6783E-073
0.7136E-073
0.7511E-03
0.7862E-013
NeB8488E~013
0.9276E-013
Ne9670E-C3
0+9990E-N3
Ne1035E-02
0e1N58E-02
0e1090E=-N2
0.1127E-02
0e.1161E-02
0e1192E-02
0.1219E-02
0e1245E-02
0e1261E-02
0e1298E-02
Cel335E-N2
0e1371E-02

0+1336E-03

0¢1566E-03
0e1712E-03
0.1858E-013
0.2006E-073
0+2105E-03

0,2189F=-01

0e?7280E-013

0e2404E-03

0e2591E-01

0e2728E-073

0.2849E-03

0e2965E-N13
Ne304RE-03
0.3108E-03
0e3166E-03
0e3236E-03
0e3348E-073
0.34376-013
Ue3481E-013
0.3567E-073
0e3633E-013
0e366.E-013
Ue3736E-03
0.3810E-03
0e3884E-013

RUN

0+1000E 01
0.1198E
0+1894E
042593E
0+4083E
Oets777E
0¢5569E
0¢6260E
Oe7345E
048034EF
0.8722E
0e9410E
041010E
0.1088E
0e1156E
0e1225E
0+1303E
0.1372E
0e14739E
0¢1584E
0s1661E
0+1768E
0.1873E
0«1979E

No. 2B

0649967E 00
0.1001E 01
0+1005E
0.1008E
041017E
0e1021E
041026E
0.1030E
0.1038E
0.1043E
0e1048E
0e1054E
Ve 1060E
0.1067E
0e¢10713E
0e1084E
0¢1086E
0.1091E
0+1099E
Oell14E
0.1121E
0.1133E
Oella4sE
0.1155E

103.

0e4157E-03

0e4626E-013
0e4922E-03
0e¢5221E-03
0.5879E-03
0.61736E-073
0.6468E-03
0e6740E-03
0.7312E-02
0.7688E-013
De7978BE-03
0«8308E-03
069296E-03
0e9292E-07
0.8950E-013
0489373E-013
0,9098E-017
0.896KE-073
0.8677E-0173
0.1026E-02
041065E=-02
0.1072E~02



RUN No. 3B
0.,1000F 01 0,2000E-03
041099E 02 04,3600E=-02
0.2196FE 02 04,8400E-02
Ce5569E 02 0,3270€=-01
Ceb6663F 02 0,4290F-01
0e7739FE 02 Co5410F=-01
Cus8821F 02 0.,6680F=-01
0.9801F 02 0,7870E=-01
0.1088F 03 0.,9310€=01
0.1195€ 03 0,1079F=-00
Ce1302E 03 0.1228F-00
Ce1409F 03 0,1380FE=-00
001516E 03 001538E"00
041623F 03 U41691FE-00
Cs1739F 03 0,1851F=-00
0.,1845F 03 0,2008F=-00
Ce1950F 03 0,2176E=00
0.2056F 03 0,2329E=-00

0+3025E-03
0+44087E-03
0e5254E-03
0.8840E-013
0.9895E-03
0e1092E-02
0.1187E-02
0.1260E-02
0.1324E-02
0.1375E-02
0e1410E-02
0e1421E-02
0s1432E-02
0e1453E-02
Oe1467E-02
Oe1486E-02
0.1505E=-02
0.1525€E-02

104,



105,

RUN No, 4A RUN No. 4B
)¢ 1000E O 0«9904E 00 0Oe6434E-03 0,1000E 01 069791E 00 046502E-03

0?1}89E5021 0e9984E 00 0.7905E-03 041199E 02 0.9872E 00 0.8250E-03
0e2196E 02 041007E 01 049239E-03 0.,2196E 02 049961E 00 0.98356-03
043290E 02 UV.,1018E 01 0,1070E=02 0.3290F 02 0,1008E 01 0.1158E=0?
0.4387€E 02 ©0.1030E 01 ©0.1218E=02 0.4387E 02 0,1022E 01 0.,1367E=0?
Ue5375E 02 0.1043E 01 0.,1361E-02 0,5375€ 02 0.1036E 01 041495€-02
0.6463E 02 C.1059E 01 0.1526E-02 0.6463E 02 041052E 01 0.1633E-02
O.7549E 02 0.1076E 01 0.1681E-02 Ue7549E 02 041075E 01 04,1741E-02
0.8536E 02 0.1093E 01 0.1812E-02 0e8536E 02 0.1089F O1 0.1832E-02
Ce9613E 02 0,1114E 01 C.1949F-02 0e9613E 02 041110E 01 O0.1932E-02
041070F 03 041136E 01 0.2075F=02 0,1070E 03 0,1131E 01 0.2030E=-02
061177F 03 0,1159E 01 0,2187F-02 0.1177€E 03 0.1153E 01 0,2178E-02
041285E 03 0.1183E 01 0.2302E-02 0.1285E 013 0.1178E 01 0¢2292E-02
041392F 03 0.12VU8E 01 0.2416E=02 0e1392E 03 0,1204E 01 0.2405E-02
041529E 03 041242E 01 0.2561E-02 0¢1529E 03 041237E 01 042550E=02

RUN No. 4D

0.100CE 01 0De¢9629E 00 0.7921E-04
0¢1199E 02 0.9641E 00 0.1107E-03
Ge2136E 02 0Ve9655E 00 0,1393E-03
0e3290E 02 C.9668E 00 0,1706E-03
Cet387E 02 C.96%0E 00 0.1973E-03
0453758 02 Ce9711E 00 042756E-03
Oe6463E 02 049739E OO0 0.2573F-03
0.7549E 0?7 0,9765E 00 0,2848F=03
0eB8536F 02 049797E 00 0.3090F-013
0s9613E 02 (U.9831E 00 0.,3386E-03
Cel070E 03 C(49870FE 00 0.3674E-03
Vell77E 03 069909E 00 0.3951E-03
041285E 03 049956E 00 0.4241E-03
Vel392E C3 U.1000E J1 0.4499E-03
Uel529E 03 UL10UTE 01 0.4811E-03
Ue1636E 03 0,1012E 01 0.4998E-03
Cel742E 03 0Q41017E 01 GC45125E-03
Cel849E C3 0.1023FE Ol 045206E-03
0e1955F 03 Ue1029FE 01 0.5792F-03
0.72066F 03 (0,1034E CO1 0,5347F-03
0e2205%E 03 041042E 01 0.5417€E-03
042340E C3 Q,1049E 01 0.5483FE-03



RUN No. 6A
041000F 01 0,2980E-01
0+9990E 01 043150E=-01
v 041697F 02 043360E=01
067693F 07 0.3660E-01
0e¢3390F 02 043940F=01
0e4680E 02 0.4460E-01
005473E 02 0048605-01
046561E 02 0e5490E=01
0e7745E 02 046270F=01
0eB435E 02 0e6730E-01
069124E 02 067270E=01
0e9714E 07 047760F=-01
061010F 03 048130E-01
041118E 03 0,9000E-01
0s1187E 03 049730E=-01
0e1246E 03 Gel025F=00"
0e1314E 03 0,1100E=00
0e1402E 03 041196E=-00
0e1470E 03 041274E=-00
0e.1538F 03 041355E£-00
0e1606E 03 0.1435E=-00
0e1684E 03 0.1535E-00
RUN No. 6C

0+1000E 01 045100F=02
0+9990E 01 048300E~02
0e1697E 02 0.1120E-01
0e2693E 02 0.1720FE=-01
0e3390E 02 Ue2160E=~01
0.4680E O? 003170E‘01
0e5473E 02 043890E-01
046561E 02 045000F=~01
0e7745E 02 046370E=-01
0eB435E 02 0.7270E-01
0e9124E 02 0.8240E-01
0e¢9714E 02 0.9070E-01]
0¢1010E 03 0.9890£-0]
Oe1118E 03 0,1145E-00
0«1187E 03 0.1268E-00
0e1246E 03 041374E-00
O0e1214E 03 041509E=00
0e1402E 03 0.1686E-00
Oel470E 03 04.1822E=-00
0¢1538F 03 0,1975E-00

061911E-03
0e2446E-013
0e2861FE-03
0e3454F-03
0e3917F-03
0e4763F-03
0¢5289F=03
0e6048E-03
0.6916E-03
00750“5-03
0.7809E-03
0e8295E-03
0eB8595E-03
06 9249E-013
0e9725F-03
0.1013F~-02
041071E-02
0el1116E-02
Oe1163E-C2
0e1197€E-02
0e1231E=02
041270E-02

0e3026E=-03

Oe4122E-03
0e4974E-03
0+6189E-073
0.7047E-013
0«8606E-013
0+49550E-03
0e10%96E=-02
Oe1244F-02
0e1381E-02
0el443F-02
0.1522E-02
061574E-02
0.1699E-02
0.1788E-02
Oe1842E-02
041959E-02
042054E-02
062127€E-02
0e2201E-02

RUN No. 6B

041000F 01 0,1550F=01
069990F 01 041580E=01
0e1697E 02 041620E=01
0¢2693E 02 041730E=01
0.3390F 02 0,1780F-01
Oe4680FE 02 041940E-01
0e5473E 02 042050E=01
0e6561E 02 04,2260E=01
Oe7745E 02 042430E=01
0e8435E 02 042610E-01
0e9124F 02 0,2800E=-01
069714F 02 04,2900F=01
041010F 03 0,3060E=~01
0e¢1118F €3 043310E-01
061187F 03 043560F=01
O0el1246E 03 043750E-01
Oel314F 03 063990E=-01
0el402E 03 044310E=01
Oe1470E 03 0.4620E-01
041538E 03 0,4870E-01
041606E 03 045140E=-01
0e1684E 03 045450E=-01
0e1761F 03 0.5840E=01
0+1829F 03 0e6160E=01
0e1906F 03 0e6490FE=01

106.

043861F=04
0e5736E-04
Ce7192E-04
069270F-04
0e1110F-03
0e1346F-03
0e1509F-013
0+1816E-03
042060F=-03
0e¢2323E-03
042409F=-073
0e2659E~013
0e?697F-013
0.3013F-03
043236F-03
0e3424F-013
0e3684F-013
0e3824E-03
0.3918F-03
0.40%0€6-03
0e4241E-013
0e4340E-03
0s4556F=-013
Qe&744F =013
0e4959F=-n3



O,
0+1398E
0,2493E
0.3586E
O44676E
0+5664E
046754E
Oe7438E
Ce8518E
0.9496E
J41067E
0+1135E
041204E
Os1281E
Oe1349E
041456E
D41562E
0+41669E
041775E
0.1851E
J341956E
0.2061E
0.2175E
0.,2243E
0e¢2346E

4 OJZQIBE
0.2488E
0.25%4E

RUN No. 7A
0.9275E 00
02 049296E 00
02 0,9321E 00
02 0.9343E 00
02 049372E 00
02 ©C.9406E 00
02 049443E GO
02 0.9474E 0O
02 0.9518E 00
02 0.9567E 00
03 0.9617E 00
03 0.,9650E 00
03 0e9688E 00
03 0.,9735E 00
03 0,9769E 00
03 0,9834E 00
03 0.9895E 00
03 0.9961E 00
03 0.1003E 01
03 0,1007€E 01
03 0,1015E 01
03 0.,1026E 01
03 0,1038E 01
03 0.1045E 01
03 0.1059E 01
03 G.1068E 01
03 0.1080E 01
@3 0.1089E 01

0¢1279E-03
0e¢1776E-03
0.2167E-03
0.2556E-03
0.3003E-03
0.3378E-03
0.3876E-013
0.4069E-013
0.4338E-03
0.4600E-03
0+4980E-03
05151E-03
0.5328E-03
0.5612E-03
0.5757E-03
0.5884E-03
0+6014E-03
0.6288E-013
0.6923E-03
0.7572E-03
0,8545E-03
0.9843E-03
0.1128E-G2
0.,1223E-02
Oe1344E=-02
0¢1439E-02
0.1531E-02
061619E-02

O,
0.1398E
042493E
0.3586E
0.4676E
0.5664E
046754E
0+7438E
0.8518E
0.,9496E
0.,1067E
0.1135E
0.1204E
0.1281E
0.1349E
0.1456E
0.1562E
0.1669E
0.1775E
0.1851E
0+1956E
0,2061E
0,2175E
0.2243€
0.2346E
0.2418E
0.2488E
0.2554E

RUN No. 7B
049178E 00
02 0,9189E 0O
02 0.9200E 00
02 049217 00
02 049239E 00
02 0.9265E 00
02 0.9298E 00
02 049322E 00
02 049364E 0C
02 0.9614E 00
03 G.9470F 0O
03 0,9503€ 00
03 C.9546E 00
03 0,9596E 00
03 049635E 00
03 0.,9714E 00
03 U.9796E 00
03 0.9881E 00
03 0.9976E 00
03 0.1004E 01
03 0.1014E 01
03 0.1024E 01
03 0,1036E 0]
03  0.1043E 01
03 0.1055E 01
03 C41062E 01
03 0.1071E 01
03 0.1079E 01

107.

0.2985F-04
0.9014E-04
0.1374E-03
0.1845E-03
0.2327E-03
Ce2799E-03
0.3414E-03
Ce3746F-03
0,4245€-03
Cet728F~-03
045325E-01
Ce55B5E=-013
0.59306-013
Ceb6409F-013
0.6812E-03
0.7333E-03
0.7853£-03
C.8372E-03
0.8742E-03
0.90%3E-013
0.9525E-013
0e9995E-03
0s1051E-02
Ce1086F-02
Je112BE=-02
0.1172E-02
0.1203E-02
0e1224E-02



RUN No. 8A
0,1000E 01 N.1870E-01
041897E 02 0.4800E-01
007992E 02 0-6890E-01
0,64381E 02 0.,1002E=00
0.5070E 02 0,1179E=-00
0,6164F 02 0,1459E-00
0,6856E 02 041663E-00
Ce7549E 02 0,1864E=00
0.,8236E 02 0,2075€-00
0.8924F 02 0,2301E=-00
0.9318F 02 0.,2437E-00
RUN No. 8C

046856E 02 0,7090E-01
0+4B8236E 02 (e8040F=01
CsB924E 02 0.8640E=01
049318 02 049030E~01
041040FE 03 0,1024E=00
O0s1147E 03 0.,1166E~CO
041255E 03 041324E-00
041363E 03 041509E-00
JelW69E 03 U.1711E-0CC
0e1576E 03 061927E-00
0e¢1683E 03 0,2155E-00
0+41789E 03 0.2401E~-00
041895E 03 042650E=00
0e2040E 03 043011E=00
0e?2145FE 03 0.3271E=00
0e??212E 03 043451E-00

061410E-02
06e1820E-02
0.2070€E-02
042386E-02
0¢2534E~-02
0,2760E~-02
042901E-02
0.3048E-02
0e3185E-02
0.3323E-02
0.3402E-02

0.5713E-03
0e8195E-07
0e9432E-03
0s1014E-072
0e1211F=02
0e1405F-02
0.1593E-02
Qe 1769E-02
0e1934E-02
0e2079E-02
0.2203E-02
0e2303E~0?
0e2399E-02
0e2510E-02
0.2591FE-02
Ce?642E-0?

RUN No. 8B
042992E 02 0,7320E~-01

0e.4381E 02 0.7830E-01
0.5070€ 02 0,8080E=01
0.6164E 02 0,8580E-01
0«6856E 02 0.8970E=-901
0e7549E 02 0.,9270E-01
0.8236E 02 0.9680E-01
048924E C2 0,1011E-00
0.9318E C2 9,1042E=-00
0,1040E 03 0,1117E=-00
0.1147E 03 0,1200E=00
0«1255E 03 0.1284F=00
0413563E 03 041374E=00
0e1469E 03 0,1465E=00
Ce1576E 03 0.,1563E=00
0.1683E 03 0,1653E=-00
001789E 03 001758E”OO
041895E 03 0,1844E-00
0+2040FE 03 0.1971E-00
0e2145E 03 0.2065E-00
0e2212E 03 0,2130E=-00

108.

063259E-03
0+3913E-013
OQ“238E-03
0.4753E-013
0.5130E-03
0+5633E-03
0.6058E-03
0.6472E~03
0.6862E-03
0e7352E~03
0s7738E~03
0,8089F~013
0.8384E-03
048589E-013
0.8760E-03
0.8832E-03
0+8859E~03
0.8900E~03
049023E-03
0.9113E-03
0.9170E-013




RUN No. 9A

0.1000E 01
047995E 01
0.1498E 02
0+.2594E 02
0.3689E 02
Ne4781E 02
0,6564E 02
0,7552E 02
0.8637E 02
0.9720E 02
0,1051E 03
0.1159E 03
0,1227€E 03
041296E 03
0+.1374E 03
Os1442E 03
041520E 03
0.1588E 03
De1666E 03
0.1773E 03
0,1841E 03

0+9843E 00

0+9885E
0.9921E
0,9987E
0.1006E
0.1014E
0,1027E
0,1035E
0.1045E
0.1056E
041063E
0,1074E
0,1082E
0+1090E
0.109R8E
0.1107E
0s1116E
Ce1125E
0.1135E
0.1149E
0.1158E

RUN No. 9B

0.1000E 01

0.7995E 01
0s1498E 0?2
042594E 02
0.3689E 02
0.,4781E 02
045772E 02
0.,6564E 02
0s7552E 02
0.8637E 02
0,9720E 02
0,1051g 03
0,1159E 03
041227E 03
0e1296E 03
0e1374E 03
Os1442E 03
041520E 03
0,1588E 03
0+1666E 03
0e1773E 03
0.1841E 03

0.9812E 00

049852E
0.9887E
0.9952E
0.1002E
0.1010E
0.1018E
0. 1025E
0«1034E
0. 1045E
0.1056E
0.1064E
0.,1077€
0.1085E
Ce 1094E
0e1104E
Ce1113E
0.1125E
Ve1133E
Oel143E
0e1159E
Ce1168E

00
0o
00
01
c1
01
o1
01
01
a1
01
01
01
01
01
01
01
01
01
01

00
00
00
o1
01
01

01
01
01

0+45106E~03
0+5430E-03
0.5754F~013
0.6262E-03
0+6633F=-07
0s725CE-03
048177E-013
0.8707E-~03
0.92172-03
0.9807E=-073
0.1024E-02
0.1066E-02
0.1096E-02
0.1131E-92
0,1167E-02
0e1195F-02
0.1231E~02
0.1269E-02
001303E-07.
0+1349E-02
041379%9E-D2

0e4829E-03

0+5217E-03
0+5604E-013
0e6211E~03
0.6835E~073
0.7587E-03
0.8282E-03
0.8799E~03
0.9450E-013
Cel1010E-02
0.1075€~07?
0.1126E-D2
0.1190E-02
Cel1?23RE-02
0e1207E-02
0e1325F=02
0e1328E-0
0e1357E-07
0.1371E=02
0e¢1380E-02
0.1393E-02
0«1401E-02

109.



RUN No. 10A
0.1000E 01 0.5500E=01
0.7994E 01 045800E=01
- 041298E 02 0.6140E=01
I 0.1996E 02 0.65408=01
0.2992E 02 0.7120E=-01
0,3489E 02 0,7480E=C1
0.4283E 02 0.8080E-01
044977€E 02 0,8460E~01
0.5869E 02 0,9090E~01
0.6660E 02 0.96%0E=01
07055 02 1.0000E=01
047942E 02 0,1076E=00
0.8730E 02 041145E-00
0.9615€ 02 041213E~-00
0410306 03 0,1275E=00
0.1109E 03 0,1361F-00
041197€ 03 0.1430E=00
0,1304€ 03 0.1550E-0C
0.1373E 03 0.1607E=00
0.1460E 03 0,1702E-00
0.1548E 03 0s1796E~00
0+1645E 03 041904E-00
RUN No. 10C
041000E 01 0.2420E-01
0e7994E 01 UVe2610E-01
0¢1298E 02 0.2860E-01
041996E 02 043150E-01
042992E 02 0¢3590E~-01
Ce3489E 02 0.3820E-01
Ve6283E 02 044360E-01
0e4977€ 02 064650E=01
Ce5869E 02 0.5130E~01
046660E 02 0¢5600E=01
: - - Ce7055E 02 0.5860E-01
0s7942E 02 046480E~01
Ce8730E 02 047020E-01
096156 02 UeT7630E-01
‘ Ce1030FE 03 U48140E-U1
Use1109E 03 04889UE=-01
Uel197E 03 0.9500E-01
Ve1304E 03 0.1054E-00
Cel373E 03 Uel1USE-00
Ce1660E 03 041186E-00
0415486 03 C.1270E=00
0¢1645E 03 041360E~00
041761F 02 0,1482E-00
RUN No. 10E
0¢1298E 02 041840E-0]
Cel996E 02 ©0,2050E-01
0e2992E G2 0e2370E-01
0e3489E C2 0.2560E-01
0e4283F 02 042950£=-01
0e4977E 02 0.3160E=0]
0e5869F 02 0.3570FE=-01
Ce6660FE 02 043900E-C1
Ce7055F 02 044140E=01
VeT942E 02 0.4T10E-01
Js+8730E 02 045080E~C1
D49615E 02 0.5650E=01
0+4103CE 03 0u6110E=-01
Os11C9E 03 046790E-01
9e1197F 03  0,7340E-01
0+41204F 013 0+,8280E-01
«1377¢ 03 0,8750[-01
J¢1460F 03 0.9570E~01
041548F 03  0,1034E=-00
J¢1645E 03 041127E-00
Us1761E 03 041237E-00
Je1B4BE 03 0.,1344E-CO
Del956E 03  041467E-00
De2070E 03 0.1596E~00

0+4748E-03
0.5219E-03
0.5556E-03
046026E~-013
0.6430E-013
0.6488F-013
0.6748E-03
046975E~03
0+73326~013
0.7771E-~03
067949E-073
0.8266E~-013
NeB646E~0D3
0+8827E-013
0.9128F~-013
0.5367E-01
0+49748E~03
041001E-02
0.1018€E-0?
D41058F=02
041097E-02
0.1141E-02

06 2972E-03
043509E-03
043892E-013
0.4428E-013
0e4953E-03
0+45020€-03
0e5286E~013
045526E-03
0.5858+-013
0e6169E-013
0.6393E-013
0e6784E-013
0.7217E-03
0e7497E-013
Ve 7834E-03
0e8143E-013
0+8468E-013
0.8748E-013
Ce8851E-013
0e¢9267E-013
0e9534E-013
0.9831E-013
0e1019F-02

0¢3043E-013

0e3279E-013
0e3616E-013
0.3785F-013
0,4011F-013
0.4261E-013
0s4748F-03
0.5026F-013
0.5288F-03
0.5712E~013
066262E-013
0.46595E-013
0e6944E-013
0e7399E-013
0e7763E-013
0.8150F-013
0.8390F-03
0.,8837E-013
049256F-03
049961FE-013
0.1055E-02
0e1107E-07
0e1172E-02
0e1243E-02

10B

RUN No.

Cs 1000F 01
0,7994€ 01
De1298E 02
0.1996E 02
0e2992E 02
043489E 02
Ce4283E 02
Let977E 02
Ce5869E 02
0.6660E 02
Ve 7055E 02
CeaT942F 02
0.873CE 02
0+9615E 07
21030F 03
0s1109E 03
Call197€ 03
De1304E 03
Vel373E 03
(e 1460E 03
041548E 03
Uel1645E 013
Cel761E 03

0e3050E-01

043250E~-01
043510E-0]
0+43800E=01
0e4240FE-01
0+4480E-01
0+45000E~-01
Ve5250E-01
0e5750E~01
0e6240E-01
0e6440E-01
0.7090E-01
047590E-01
0.8230E-01
0.87N0E=-0U1
049400E=01
0e¢10N4E-00
0.1102E-00
0+1151E-00
Cel234E~00
0e1312E~00
0¢1407E-00
Oe1522E=~00

10D

RUN No,

0,1000F U1
0e7994F 01
Je1298E 02
Cel1996E 02
Ue2992E 02
Ce3489E 2
Ce6283E 02
Ce4977E 02
045869E 02
Ceb6660F (2
Ce7055E 02
Cel942F C2
Ce8730E 02
Je92615FE 02
Jel030E €3
Ue1373E 03
Ue1460E 013
Cel548E 03
Ce1645F 3
Cel1761E 03
Oe1848F (1
041954 3

042140E~0
06236NE~-01
Ve2540E=~01
Ce2800E~-01
043170E~01
Ce3280E-01
0.3850E~01
0e4120E~01
0e4540E-01
Ceb940E~-01
Ue5140€-01
0e5750E-01
Ue6120E-01
0.6750E-01
Ce7210E=-01
Ve9B820E=-U1
Ue1054E~00
0+1129E-00
Oe1216E-00
0e¢1327E-00
0e1425E-00
0e1532€E~00

1

0e3173E-01
0e3654F-0n13
0¢3997E-03
0.4477€~03
0e4864E-013
0.4930E-013
0e45214E-013
045397E-03
045766E-03
0+46056E-013
0.6346E~013
0+6661E~03
0.7027E-013
0+¢7347E-03
0.7608E-013
0.7904E-013
0+8209E-013
048516E-03
0.8704E-03
049069E-03
049372E-013
069709E-013
0s1011E-02

0+2509E-03
0s2968E-013
043296E-013
0.3754E~-073
0e4428BE-013
0e84412E-01
0.4689E-013
0e4943E-013
045285F-013
0¢5303E-013
045557F-013
0.5981E-013
066327E-013
0e46667E-03
0+.6853E-013
0¢B148E-013
0.8504E-013
0e¢9013E-013
0.9387E-013
061003E-02
0.10%51€-0>
O0s1110€-02



0,1000E 01
047990 01
041498BE 02
0.2196E 02
0.2892E 02
0.3689E 02
044383E 02
0,5077€E 02
0.5770E 02
0.6462E 02
047154E 02
0:7943E 02
0.8632E 02
0.9321E 02
0.1001E 03
0.1079E 013
0.1158E 03
0.1226E 03
041295 03
0.,1373E 03
Oel441E 03
041502 03
0.1587€ 03
0.1694E 03

RUN No. 1l1A

047910E-01
0.8240E=-01
0.8610E-01
0.9020E-~01
0+49490E-01
0.1012€-00
0.1068E-~00
041138E=-00
041205E=00
0.1279€=-00
0.1359E-00
041455E-00
041550E=-00
0c1644E-~00
0e1748E~00
0.1868E-00
0.1983E-00
0.,2101€=-00
0.2220E~-00
0.2370E=-00
0.2502E-00
042637€E~00
042800E~00
043035E-00

0e4200E-03
0.4941E-03
005682E‘03
0.6423E~03
0.7237€-013
0.8925E~03
0.96776~013
0e1039E=02
041120E-02
0.119CE~-02
0.1287€-02
0.1363E-02
0e1419E~02
0.1483F=-0?
0e1549F~02
0e1639E=02
0e1719E-02
0.1826E-0?
0+1919€E-02
0.1988E-02
0.2040E-02
0.2114E-02
062206E-07?2

111.



0.
0.6994E
0.1398E
0,2096E
042793E
0.3588E
0,4283E
0.,4977E
0.5769E
0.6856E
0.7547E
0.8631E
0.9712€
0.1078E
0.1148E
0.1226E
0.1333E
0.1401E
0+1470E
0.1567E
0.1615E
Ce1693E
0.1760E
0.1828E
Ce1905E
041973E
0.2050E
0.2117E
0.2194E

O,
046994E
041398E
0,2096E
0.2793E
0.3588E
044283E
0.4977E
045769E
0.6856E
0.7547E
0.8631E
0.9712E
0.1078E
0+1148E
041226E
041333E
041401E
0.1470E
041567E
0.1615E
0.1693E
041760E
0.1828E
041905€
0.1973E
042050€
_042117E

RUN No.

12B

041785E-00 =-0.6042E-04

0.1781E~00 -0,9669E-04
06¢1771E~-00 =0,1329E-03
0.1761E-00 -0,1691E-03
0e61749E=00 =0,2062€-03
041730E~00 -0,2488E-03
0,1712E-00 ~0,2906E-03
0,1691E=~00 -0,3308E-03
0,1662E=~00 =0,3749E-03
0.1617E~00 ~0,4344E-03
041587E-00 =044744E-03
041532E-00 ~045342E~03
0.1473E~00 -0,5877E-013
001“03E‘00 ‘006507E-03
0:.1357€«00 =0,6821€E-03
041307E~-00 =047213E-03
041226E-00 ~0,7470E-03
0s1167£=~00 ~-0,B8103E-03
0s1114E~00 =0,B606E-013
0+1045E-00 =0,.9218E-03
0e9740E~01 =0,9450E-03
0.9050E~01 -0,1006E-02
0.8390E~01 —-041047E-02
0.7690E-01 -0.1034E-02
0.6800E~01 =0,1056E~-02
0.6110E~01 ~0,1080E-02
0.5290E~01 ~0.,1C91E-02
0c4620E~01 -0,1100E-02
Ce3660E~-01 -001111E-02
RUN No. 12D
0+42706E-00 -0.8861E-04
0¢2697E~-00 -0,1210E-03
042685E-00 -041534E-03
0.2678E=-00 -0,1858E~-03
062662E=00 ~-0,2215F~013
042645E=00 =-0,2706F~-03
042623E-00 =-0.3216F-013
042599E-00 -0,3717E~-03
0+42568E=00 ~0,4453E-03
0,2518E~-00 -0,5603F~-013
042477E-00 -0,6438E-03
02398E~-00 -0.7841E-03
0.2307E~00 -0,9178E-013
0e2198E~0U0 -0.1041F-02
0,2123E~00 -0,1118E-02
0+2035E=00 -041208E-02
0.,1898E~-00 ~-0,1293E-02
0,1806E~00 ~0,1399F~02
001705E‘00 —0.1#98E-02
0e1576E~00 =~0,1627E~-02
0+1468E~00 -0.1688E-02
041337E~00 -0,1793E-02
0.1219E~00 -0,1883E-02
Ce1089E-00 -0,1920F-02
0¢9330E-01 ~0.20235-02
047990E=01 -0.2108E-02
046330E-01 =0.2206E-02
0.4790E=01 =-042292E-02

o.
0+6994E
C.1398E
042096E
0,2793E
0.3588E
044283E
0.,4977E
0.5769E
0.6856E
0.7547E
0.8631E
Cs9712E
0,1078E
0.1148E
00.1226E
0.1333E
0.1401E
0e.1470E
0.1567E
0.1615E
0,1693€
041760E

0.4977E 02

0.5769E
0.6856E
0+7547E
0+8631F
0.9712E
0.,1078E
0.1148E
0,1226E
0,1333E
041401F
041470E
0+1567E
041615E
0.1693F
0,1760E
0.1828E
0.1905€
0.1973E
0+2050€
0.2117E
0,2194E
0.2337E
042404F
0e2481E
042547E
0.2623E

0.2737€

0.2804E
0.2917E

02
02
02
02
C2
03
03
03
03

RUN No. 12C

112,

0.2672E-00 -0,1783E-03

0+2655E~00
0.2648E~00
042599E~00
0.2565E-00
0.2513E~00
0e2468E~0C0
042413E~00
0.2342E-00
0,2240E-00
0.2164E~-00
0.2042E~00
0.1898E-00
0.1738E-00
0.1635E~00
0.1505E-00
0,1318E-00
Cel193E~00
0,1070E~00
0.9020E-01
047560E~-01
0.5910€~01
044390E-01

-0,2799E-03
-0.3814€-03
-0.,4827E-03
-0.5780E-03
-0.6829E-03
-C47360E-02
~-0.,8190E-03
-0,9028E-03
-041029E-02
-0.1113E-02
-0.1243E-02
~0.1381E-02
-0.1510E-02
~0.1594E-02
-0.1671E-02
~0.1735E-02
-0.1854E~02
-0,1955€E~-02
-0.2103E-02
-042197€E-02
—0.2349E-02
-0.2482€E-02

RUN No. 12E
0e7780E-01 =-0,1867E-04
0.7770E=01 -0,3709E-04
0e67690E=01 -0.62375~04
CoeT650E-01 =-0,7844FE-04
0.7560E=01 =-0,1006E~03
0e7450E=01 -0.1212E-03
0e7270E=01 -0,1458E-03
0.7200E=01 -0,1651E=-03
0.7060E=01 -0,1842FE-03
0,6850F-01 -0,2016F~03
fobﬁBUF-ol —002526E-03
)e6530E=01 =042629F-03
0e46330E-01 -0,2827F-03
0+.6030E=~01 =~0,3000F-03
065860F=01 -0,3283F-03
0e5690E=01 =0.3406F-03
045400E=01 ~043397E-03
0e¢5100E=01 -043679E-03
0+4900E~01 -0,3859FE-013
004580E=-01 =-0,3952E-03
0e4320E=01 ~0,4104E-03
0,3980E~01 -0,4364E~-03
0e3330E=01 =0.4600E~073
043020E=01 =0,4679E~-073
002650E-01 '0.5716E—03
0.2340E=01 ~0.,4771E-03
0+s1970E~0]1 -0,4807E~03
0.1630E~01 ~0.4860E~03
0¢1100E~01 -0.4691E~03
0e5400E=02 -0.,4943F=~03



043950E 01 0s,9440E-01
0.1099F N2 0.9770E=01
741797F 02 0641013E=00
0e2454F 02 0s1052E=00
Ue3190F 02 0.1097E-00
0.3885E 02 0.1145E-00
Ue4578E 02 0.1206E-00
Ue6063E 02 Ue1367E-00
Ue6T53E 02 0.1455E-00
OeT444E 02 041552E-00
048133E 02 041659E=00
0e8821F 02 041774E=00
Ue9508F 02 0.1890£E=00
0s1019E 03 042020E=-00
0.1088E 03 0e2150E=00
Oe1166F 03 0.2308E-00
0e17234E 03 0.2454E=00
041303E 03 042605E=-00
0e41371E 03 062766E-00
Ue1439E 03 042926E-00
0s1516E 03 043118E=00
RUN No. 13C
0.8133E 02 0.8900E-01
048821E 02 0.,9220E=01
0.9508E 02 0.9530E=0]
041019E 03 0,9900E=01
0.1088E 03 0.1024E=00
0e1166E 03 0,1071E=00
041234E 03 0,1114E=00
0.1303E 03 0,1160E=00
O041439E 03 0,1262E=00
0.1516E 03 041327E=-00
0.1574E 03 0.1375E-00
0.1652E 03 0,1442E-00
061719E 03 0,1500E=00
041796E 03 0,1578E=00
041B64E 03 0,1626E=00
061931E 03 0,1717E=00
0+1998E 03 041789E=00
042075E 03 0,1873E=00
042142E 03 04,1949E=-00
0.2209E 03 0,2029E=00
042295E 03 0,2119E-00
042390E 03 042244E=00

13A

RUN No.

0,1000E 01 0,9400E-01 043567E-03

0.3876E-03
0+4599E-013
0e5319F~-03
0.6188F-03
0s6744E-013
Ce7944E-03
0+.9246E-03
0.1061E~-02
0.1232E-02
0.1370E-02
Ce1495E-02
0.1583E~02
041650F-02
C,1788F-02
0«1881E-02
0.1973E-02
0.2087E--02
062174E-02
0e2264E~-02
062349E~-02
0.2435E-02
0e2532E~-02

0.4219E=-03

0.4569E-013
0e4919E-013
0.5268E~03
0e5628E~-013
0.6105E~03
0e66540E-03
0,7050E-013
0,7474E~-013
D.7874E~013
0.8229E-03
0.8565E-013
0.8680E-03
049163E-03
0+9790E~03
0.1026E-02
0.1071E-02
0.1110E=-02
041135E-02
00113‘05-02
O 1160E=0?2
041193E-02
0.1230E~-02

13B

RUN No.

Oe1797E 02
Oes7494E Q2
043190E 02
C.3885E 02
DeuS5T8E 02
Ue5262E 02
Ueb063E 02
Ue6753E 02
Celab4E 02
CeB133E 02
G.8821E 02
0+9508E 02
Ce1019F 073
0.1088E 03
Os1166F 03
Cel1234F 03
Ue1303E 03
Us1371E 03
Cel1439E 03
Ce1516E 03
0s1574E 03
0e1652E 03
Cse1719E 03
041796E 03
0.1864E 03
Ce1931E 03
C,1998E 03
0,2075E 03
U.2142E C3
042209E 03
0.2295E 03
Ce2390E 03

048730E-01

0.8280E=01
0.830GE=01
048460E-01
Ue8600E=01
0e877CE=V1
0+899CE-01
0e9240E=-01
0.9530E-01
0.9850E-01
041025E=00
0e1065E=00
0+1108E=00
De1155E=00
0s1214E-00
041270E=00
0.,1336E-00
0.1393E-00
0.1457E-00
0e41544E=00
041697E-00
0,178B0E-00
0.1878E=00
041973E-00
0,2066E=00
0,2226E-00
042280E-00
0e2383E-00
042490E-00
0+2620E-00
042794E-00

113.

0e3462E-04
0,8267E-04
0s1306E-03
0.1786F-03
0.226BE-03
0.2788E-03
0e3296E~03
0¢3899E-073
0«4503E-03
0e¢5107E-03
0.5638E-013
Ceb6166F-013
1e66G2E-013
0e7784E-03
0.7918F~-013
0.8412F-013
0.9034E-03
0.9652E-03
0.1018E-02
0+1080E~02
0.1136E-02
0e1203E~02
0,1253E~02
0.1426E-02
0.1441E~02
0s1461E~02
0. 1482E-02
0.1477E-02
0.1501E~02
0.1556E-02
0.1628E-02
0.1706E-02



RUN No. l4A B.UM
0.1000E 01 041004 01 09020E=-03 S IRE0E Q1 QeaSEOE G0 o.“6725503
0.7990E 01 041010E 01 0.1076E-02 o.799g§ 8; 8-?88;5 g? 803223E og
. - 04159 . . c A
041598E 02 041021 01 gizzgg_gg 042296E 02 041011E 01 041023E-02
0.2296E 02 041029€ ot &8 ile  oEets 042993E 02 041020E 01 041195E-02
042993E 02 0,1040E o1 0-17555_02 043689E 02 041029E 01 O041341E=02
8.36:25 gg g-igzgg oi 0n 19176205 0.4384E 02 0.10385 81 8.15025_82
o43 . * - 0.5178E 02 041051E 01 0,1652€E=02
8.51782 85 g.igggg oL ONcoTEr-02 045871€ 02 041063E 01 041814E-02
oIESZie 02 041111E 01 0.2350E=02 8'656gg 85 8’18;85 81 8’;33;5:8;
047256E 02 041128E 01 042521E-02 OV ’ ]
 T236E 92, a1 leEn O PEealEcn? 0.8046E 02 0.1108F 01 0.22676-02
018836 00 0.1169E 01 0.2919E-02 0’88362 %2 8’}15?5 gi 8'52325285
0.9426E 02 0.1189E 01 0,3074E-02 O.9426E 02 0, ‘
§ o2 EIEE G Tk 0,1011E 03 0.1159E O1 042754E-02
0.1011€ 03 O, - 0.1090E 03 0.1181E 01 0.2949E-02
041159€ 03 041202E 01 0,31196-02
RUN No. 14C Riliuto: 3D
0,1000E 01 0.9836E 00 0.5361E-03 00;12825001 005566 00 041408E-03
047990E 01 0.9867E 00 0.6936E-03 072 > olgsl3E 00 0.2140E-03
R »1598E 02 0.9900F 00 0.2977£-03
041598E 02 Cu9940E 00 0.8737E-03
012296F 05 110008 0y oi8737E-03 0.2296E 02 0.9917€ 00 0.3708E-03
e 042993€ 02 0.9952E 00 0,4400E-03
042993E 02 0.1008E 01 0.11926-02 5
- *3689E 02 0.9982E 00 0.5018E-03
043689E 02 0.1017E 01 0.1334E-02 0
- ¢4384E 02 0,1002€ 01 0.5798E-03
044384E 02 0,1026E 01 041491F-02 o .
: *S178E 02 0.i007€ 0] 0.6557E-03
0e5178E 02 0.1039E 0] Oel1635E-07 0 : -
B S871E 02 0..10i1F 01 0.7427E-03
045871E 02 041051FE 01 041803F-02 o
€ e 6564E 02 0.1017E 01 0.80076-03
0e6564E 02 0.1064E 01 0,1929F 02 0.7256E 02 023E 0
0.7256E 02 0410776 01 0,2085FE-02 0.8046F 0 %’1;"F 1 D.8783€-03
O.BOAGE 02 0.10965 01 O.???OE”OZ ou 02 o]ial v u.95625"03
_ «8836E 02 «1037E 01 C‘clOQlE‘OZ
0.8836E 02 0.1112E 01 0.2466E-02 0 > <
0.9426E 02 0.1129€ 01 0.26096-02 0I1005E o2 Je10e4f 0L O.11126-07
0L1011E 05 oillre o1 o280%E-02 9:1011E 03 0.1052E 01 0.1187€-07
- 1090 03 0.1062E 01 0.1279F=9 >
041090 03 041170E 01 0.2933F~02 0%114998
: : : 03 0.1071E 01 0,1339-0>
0.1159E 03 0.1190E 01 0.30946-02 0 % 03 o X
0e1227E 03 041212 01 0.3254E-02 S O3 LoaTE o1 0.1414E-02
. . . 041306E 03 0.1091E 01 0.1470E-
0.1374€ 03 0411026 01 0.1551F-05
Uelbd?2F 03 Uel113E 01 Os 1638F-0>
De1520€ 03 Oet125€¢ 01 0.1735F‘02
0.1589E 03 Uell138E 0] 0-18205"02
0.1666F 03 0.1153E 01 0.1917F-55
0¢1773E 03 0.1174F 01 0.2051F-ns

114.



RUN No. 15A
0+1000E 01 0.5470E-01
0e7994E 01 0.5530E-01
0.1897E 02 0.5610E-01
0,2594E 02 0,5680E-01
0.3688E 02 0.5810E-01
0+44789E 02 0,5850E=01
0+5869E 02 0,6030E=01
0+7055E 02 0s6190E-01
048139E 02 0,6360E-01
069223E C2 046650E-01
0.1030E 03 0,6910E=-01
0+1148E 03 0.7230E=01
0.1226F 03 0.7480E=-01
0,1285E 03 0,7710E=-01
041363E 03 0.7990E~01
0¢1431E 03 0.8270E=01
0.1577E 03 0,8920E=01
0.1655F 03 0.9310E-01
041732E 03 0.9590E=01
0.1800E 03 0.1006E‘00
0.1906FE 03 0.1061E=00
0.,2012€ 03 C.1117E-00
0.2089F 03 0,1167E=00
“042I66FE 03 0,1211E-00
042233E 03 0.1250E-00

0e7283E-04

0. 7782E-04
0.8566E-04
0.9063E-04
0,1008E-03
041145E-03
0.1389E-03
0.1707E=03
0.2049€-013
0,2338E-03
0.2720E-03
0.3105E-03
0.33G94E-03
0.3616E-03
0.3953E-03
0+.4163E-03

0.4619E-03
0.4881E-03

0.5047E-03
0.5252E-03
0.5542€-03
0.5752E-03
0.,5798E-03
0.,5845E-03
0.5885E-03
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RUN No. 16A

Ce1000F 01
0.8990E 01
Uel1597E 02
Je2295E 02
Ue?8B92E 02
0+3488F 02
Oe4281E 02
Ce4777E 02
DeH272F 02
N0eb6063F 02
0e6556F 02
0e7050E 02
De7739E 02
JeB723F 02
Ue9410E 02
Ue9802E 02
Ue1039E C3
Ue1100F 0123
Oel1166E 03
0e1215F (7
0e1293F 07
0e1232F 013
0¢1409F 02
Jel487E 03
Je1584E 012
Jel715E 03
Us1816t 03
0¢1893E 03
Ue1960E 03
0e2037F 03
0¢?2104F 03
0421808 03
04?2218F 03
0+2285E 03
0¢2333F 03
042390F 03
Je2456E 03
Ue?2551E 023

043850F£-01
Ue3860E-01
Je3870E-01
0«3890E-01
0e3870E-01
0e3930FE-01
0e39U0F=01?
0e3BHNE=D]
Ce3960F =0
N0e&4OTOE-=01
N0e406DE=D]
0e4040F=-01
Oe4070F-01
Ue4180FE=~(C1
Ve&320E-01]
Oeb460E~01
Ue&460E-0]
0e455CE~01
UVed6L0OE-0]
Oet700E-01
Oeu850F-01
044900F =0
Ce5080F=-01
0e51705=01
Ceb440CE-0]
0eb780E-01
Ceb6040OF-01
Le6320E£=01
Qe6470FE-01
Ueb630F=-01
Ne7140F =01
0.7180F=01
Ce7320UF=01
Oe7440FE -0
Oe7670F-01
Ue7880F=01
Ge8130F~-01
0eB450E-C]

0.1838E‘04
0e¢l1711E-04
0e1599E~04
Oel1488E-~04
0e¢5111E-05
0e1334F-04
Cet423E-0Qu
CeH5476E-04
Ce®140F=-00
Ge5761F -4
CebBARTEF=-NU
C.ﬁOb]E-Ob
Ce7625F~04
0e1376F-03
Oelu61F~02
0e1400F-023
Ce1404E-012
Cel1302FE-01
0e13B0E-012
Oel1626FE-012
0e17310FE-013
0s1886F-01
04 1974F-01
0e2119E~01
Ce?406E-02
0e?706E~-02
0e2698F-012
0e3251E-017
0e3197E~-03
0e3234F-03
0e43006F-012
067875F-02
Ce3114F-C3
0.72995€£-013
043395F-07
0e3539F-07
063706F-013
0e3944FE-012

116,



RUM No. 17A
041000E 01 047190E-01
0¢8990E 01 047450E-01
i 0e1598E 02 047730E-01
06¢2396E 02 O067940E-01
0¢3292E 02 0,8560E-01
0e4187E 02 0.9120E-01
0¢5180E 02 0.9750E-01
0+6172E 02 0.1080E-00
047162E 02 041129E-00
048151E 02 0.1217E-00
0eB8743E 02 0.1267E-00
049730E 02 041363E-00
0.1062E 03 0.1456E-00
041180E 03 0,1588E-00
D+1248E 03 041671E-00
041337E 03 041779E-00
0+1395E 03 0,1857E-00
D41474E 03 041963E-00
041552E 03 042065E-00
0,1620E 03 0.2165E-00
RUN No, 17C
0+1000E 01 0e¢5530E-01
0+8990E 01 0«5590E-01
0¢1598E 02 045660E-01
0e2396E 02 0,5870E-01
0e3792E 02 0.6000E-01
0e¢4187E 02 046260E-01
0«5180E 02 046570E-01
0e6172E 02 046920E-01
0e7162E 02 047330E-01
0«8151E 02 0+7840E-01
0eB743E 02 0.807T0E-01
Ue9730E 02 0.8640E-01
0e1062E 03 049100E-01
0+1180E 03 0.9870E-01
0.1748E 03 041033E-0C
0+1337E 03 0.1097E=00
0.1395E 03 O041141E=00
0e1474E 03 061204E~00
0+1552E 03 0.1267E=-00
0+1620E 03 D.1328E=-00
0+1689E 03 0.1385E=-00
0e1766E 03 0el464E=00
U.1844E 03 041533E-00
041932E 03 0.1626E-00

0.2578E-03

0.3366E-03
0.4055E-03
O+4842E-03
0.5915E-03
0+.6629E-03
0.7328E-03
Oes7632E-03
0.8126E-03
0.8728E-03
0.8920E-03
0+1008E-02
0.1072E-02
0.1164E-02
0e1216E-02
0.1266E-02
0.1305E-02
Oe1349E-02
0.1393E-02
0e¢1432E-02

0« 7097E-04
0.1135E-03
0e1508E-03
0e1923E-03
Ne2614E-03
0e2863E-013
0e3374E~-03
Ce3907E-03
Oe4398E-03
Cet8NTE-03
Ne5116E-03
065553E~-03
0e5955E-02
Oe66NBE-02
Ce6965E~02
Ne7417E-073
0e77N9E~C3
NeB804LIE-NT
De8492E-03
OeB8769E-013
0«9170E-03
0.9521E-03
069964E-073
Del041E-02

RUN No. 17B

0,1000E 01 O0,6640E-01
0,8990E 01 0,6900E-01
041598E 02 0,7110E-01
042396E 02 047450E-01
063292E 02 O0.7870E-01
0e¢187E 02 0.8380E-01
0.5180E 02 0+9000E-01
0e6172E 02 049670E-01
0e7162E 02 041042E-00
0+8151E 02 0.1131E-00
0e8743E 02 0.1178E-00
0e9730E 02 0.1275E-0C0
0e1062E 03 0.1363E-00
0¢1180E 03 0e1492E-00
0e¢1337E 03 041684E~00
0e¢1395E 03 0,1758E-00
Oe1474E 03 0.1862E-00
0+41552E 03 0,1971E-00
0e1620E 03 042069E-00

e R N R O L R RN s W L R Wl Wl M e QL s il W L LI V.

0+2532E-03
0,3192E-03
0,3769E~-03
0.4427E-03
0+5110E-03
0.5822E-03
0+6600E-03
0.7311E-03
0.8037€E-03
0.8731E-03
0.9171E~-03
0.9883E-C3
0,1651E-02
0e1146E~-02
0e1195E-02
0s1261E-02
0.1304E-02
001356E"02
0¢1409E-02
O0e1454E-02



RUN No. 184

0,1000E 01 0.863%E 00
0e1199E 02 0+8640E 00
042396E 02 048654E 00
043391E 02 0.8666E 00
D.4186E 02 048672E 00
0.,5179E 02 0.8687E 00
0.6269E 02 0,8709E 00
0.7357€ 02 GC.8728E 00
OsB8444E 02 048762E 00
0,1061€E 03 0,8828E 00
0.1169E 03 0,8865E 00
0.1277E 03 0.8908E 00
04.1385E 03 0.8963E 00
0.1453E 03 0,8998E 00
Ue1521E 03 049030E 00
041667E 03 0.9112€ 00
0s41746E 03 049159E 00
0.1814E 03 0,9201E 00
0+1882E 03 0e9244E 00
0.1959E 03 0.9298E 00
0.2027F 03 0e69341E 00
062104E 03 049298E 00
0,2172E 03 0e.9439E 00

RUN No. 18B

0,1000E 01 0.8563E 00
041199E 02 048568E 00
0.2396E 02 0.8588E 00
0e¢3391E 02 0.8600F 00
0+4186E 02 048609E 00
045179E 02 0+8630E 00
046269E 02 0.8655E 00
0s7357E 02 0.8680E 00
O.BubUE 02 O48714E 00
0.1061E 03 0.8795E 00
0.1169E 03 0.,8836E 00
0e1277E 03 0.8886E 00
041385E 03 C.8942E 00
0s.1453E 03 0.8981E 00
0s1521E 03 0,9018F 00
0+1667E 03 0.9107E 00
041746E 03 0.,9156E 00
0.1882E 03 0.9251E 00
041959E 03 0,5304E 00
00,2027 03 0,935%E 00
042104E 03 0.9412€ 00
042172E 03 0,9459E 00

045275E~04
0.7612E~-04
0.1016E-03
0.1227E-03
0.1393E~03
0s1646E-03
0.2000E-03
Ue24MN1E-N3
0s2750E-03
0,3535€=-03
0.3998E~-03
0s4406E~03
Ue&B12E-03
0.5101FE-03
0.5357E-03
0.5785E~03
0s6102E-03
0.6295E~03
0e5122E-03
Ce5618E-017
0e5664F-013
0,5717€-073
0e5763E-073

Oe6655E~04
0e¢9597E-04
041280E-03
Nel1546E~013
Ve 1764FE~-03
041Q9Q7F=-013
Oe?241BE=013
0e2B?2BE~N3
0e31A88F~-03
Ce40N0E~-N7
Oe&&7E-03
Oe4860E-013
0e5274F~03
Ge5556F-02
0e5826E~-03
0eb6339F-03
046559E~-03
Ce6787E-013
0.6982E-03
0e7116E~03
0e7190E~-03
O0s7276E~07
0e7350E-03
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TABLE 4 - MOVING MODEL STUDIES

Regression of CD on Re2

M~ 4, Tw/To = 1, QUADRATIC FIT VALID

Linear Fit

Quadratic Fit

M~ 4, T /T = 0.26,

Linear Fit

Quadratic Fit

0.999 + 2.9

D JRe

C

0.989

(@]
I
—
o
N
\O
+

LINEAR FIT VALID

c. = 1.066 + 2L

D JRe

2

5.52

Re

7.51

CD = 0.725 +

VRe,

2

M~ 2, TW/TO = 1, LINEAR FIT VALID

Linear Fit

Quadratic Fit

M~ 2, TW/TO = 0,26,

Linear Fit

Quadratic Fit

1,143 +

2 JRe

@]
]

2.792

Re

8.71

@]
It
—
W
\O
Eo)
]

LINEAR FIT VALID

1.100 + 2222

D N Re

2

[@]
|

c, = 1,104 + 2,89

Re

0,052

2 'JRe2

Re
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M~ 6, Tw/To = 1, LINEAR FIT VALID
Linear Fit cD = 0,897 + 3.18
Re
2
Quadratic Fit C, = 0.893 + 3.25
Re
2
M~ 6, TW/TO = 0,26, LINEAR FIT VALID
Linear Fit cD = 0.914 + 2.52
Re
2
Quadratic Fit cD = 0,790 + 4.63
Re2
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SPHERE MOUNTED

ON YOKE
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LINEAR VARIABLE ~BASE
DIFFERENTIAL #
TRANSFORMER /
7
— FIXTURE
PIVOT

7
QUARTZ
*" SPRING
PAN TO
CALIBRATE SPRINGS
SPRING
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DAMPING VANE ARM
MAGNET

FIG. 3 SCHEMATIC DIAGRAM OF BALANCE
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FIG.6 TESTING ARRANGEMENT FOR WIRE
TAPE FORCE MEASUREMENTS
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6 LAMPS
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FIG. 7 SCHEMATIC OF TEST APPARATUS FOR MOVING
MODEL TESTS
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FIG.9 ENLARGED PHOTOGRAPH , TYPIGAL FRAME
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